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P  REFACE. 


This  forms  the  third  and  concluding  volume  of  a  work 
undertaken  to  supply  the  want  long  felt  in  England  of  a 
complete  and  Practical  Treatise  on  Metallui^.  Owing  to 
the  complexity  and  vastness  of  the  subjeift,  and  to  the  con- 
tinual development  of  new  processes  and  inventions,  the 
task  of  the  authors  has  proved  by  no  means  easy,  but  they 
trust  that  they  have  succeeded  in  producing,  in  a  com- 
pendious and  somewhat  complete  form,  a  work  of  pratflical 
value  to  the  Metallurgist. 

Although  this  work  is  much  ampler  than  was  originally 
intended,  it  has  been  found  necessary  to  give  many  pro- 
cesses in  as  condensed  a  form  as  possible,  and  to  omit 
details  which  were  either  unnecessary  to  the  full  elucida- 
tion of  the  subjeA,  or  which  would  at  once  be  suggested 
to  the  practical  mind. 

While  the  authors  have  taken  the  admirable  treatise  of 
Professor  Kerl  as  the  groundwork  of  their  labours,  they 
have  given  much  praAical  information  and  many  useful 
processes  which  are  not  to  be  found  in  Kerl ;  for  as  his  first 
volume  was  published  in  1861,  the  second  in  1S&3,  the  third 
in  1864,  and  the  last  in  1865,  it  is  evident  that  a  mere 
translation  of  this  standard  work  would  not,  at  the  present 
time,  constitute  anything  like  a  complete  pra<5\ical  treatise. 
An  instance    of  this   amplification   is   shown    in    the   faft 
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that  our  treatment  of  steel  comprises  twenty  sheets,  while, 
in  comparison  to  the  size  of  page  and  type,  K,erl  devotes 
but  twelve,  and  Percy  (published  in  1864)  about  ten  sheets 
to  this  subje<5t. 

Our  concluding  volume  contains,  in  addition  to  the  chapter 
on  Steel,  exhaustive  chapters  on  Fuel,  and  the  Materials  for 
the  ConstruAion  of  Furnaces.  Moreover,  to  bring  the  work  to 
the  level  of  the  actual  state  of  science  and  pradlical  experience, 
we  have  availed  ourselves  of  articles  and  reports  on  im- 
proved processes  from  some  of  the  English  and  Foreign 
Journals,  which  we  give  in  the  form  of  a  supplement.  At 
the  conclusion  will  be  found  a  report  of  the  latest  experi- 
ments on  Siemens's  highly  valuable  processes  for  producing 
steel.  A  glossary  of  technical  terms  and  tables  of  weights 
and  measures  are  also  added, 

London,  Novtmbtr,  1869. 
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A  PRACTICAL 

TREATISE   ON  METALLURGY. 


CHAPTER    I. 


STEEL. 


Stbbl,  differs  {rom  pig  and  wrought-iron  in  its  proportion 
of  carbon  (1*4  or  i"5  per  cent) ;  it  differs  from  pig-iron  in  its 
property  of  welding,  and  from  wrought-iron  in  its  fusibility; 
its  melting  point  is  about  1850°  C,  whilst  the  melting  point 
of  pig-iron  is  between  1400°  and  1600"  C.  Steel  is  further- 
more charafterised  by  its  softness  at  a  glowing  heat,  ahd  it 
becomes  hard  upon  sudden  cooling.  These  properties  are 
modified  according  to  the  proportion  of  carbon,  the  presence 
or  absence  of  certain  foreign  admixtures,  the  uniformity  of 
its  mechanical  treatment,  the  method  employed  for  its  pro- 
duAion,  and  finally,  to  other  circumstances  which  are  not 
yet  well  understood. 

The  following  are  the  principal  methods  of  making  steel : — 

A.  Steel  dire(5l  from  the  Ores. 

Formerly,  steel  was  occasionally  produced  by  the  Catalan 
forge  {vol.  ii.,  p.  697),  and  also  in  crucibles. 

Gurlt*  proposes  to  treat  rich  pure  iron  ores  in  cupola  fur- 
naces by  means  of  carbonising  and  reducing  gases,  and  to 

*  G(nu.T,  die  RobeiiCDerEeugnng  mltteltt  Qas :  Freiberg,  1837.  B.  a.  h. 
Ztf,  1S61,  p.  343. 
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melt  the  resulting  produtft  in  a  gas  reverberatory  furnace  ; 
but  this  method  has  not  proved  successful'  when  carried  out 
on  a  large  scale. 

By  Chenot'st  method  rich  pure  iron  ores  are  reduced  in 
cupola  furnaces  by  tnterstratified  layers  of  charcoal ;  the 
resulting  spongy  products,  containing  various  amounts  of 
carbon,  are  sorted  and  ground  in  mills,  and  the  mass  is  pressed 
into  cylinders  and  melted  in  crucibles,  sometimes,  together 
with  coal,  and  a  purifying  and  scorifying  flux  of  manganese. 
This  method  has  been  tried  in  Belgium  without  economical 
success,  and  it  does  not  permit  the  production  of  cast-steel 
containing  a  fixed  proportion  of  carbon. 

Liebermeistert  has  proposed  to  produce  steel  direfl  in  the 
iron  blast  furnace  by  interrupting  the  carbonisation  at  the 
proper  moment,  but  this  seems  to  be  praiSically  impossible. 

The  newest  and  most  promising  way  of  producing  steel 
direift  from  the  ores  is  Mr.  Siemens's  method  with  the 
regenerative  gas  furnace,  and  we  therefore  propose  later 
on  to  describe  it  in  exUnso, 

B.  Steel  from  Pig-iron. 

Steel  may  be  produced  from  pig-iron — 

I.  By  Oxidising  part  of  its  Carbon. — This  oxidation 
may'be  performed  at  a  glowing  red  heat  and  at  a  melting 
heat.  On  exposing  suitable  pig  to  a  continued  glowing  heat 
with  an  admission  of  atmospheric  air  (Tunner'sJ  Weber's,^ 
and  Lohmann's^  methods),  the  resulting  steel  will  be  cheap 
hut  variable  in  its  properties.  We  may  here  also  mention 
the  method  introduced  by  Herrzeel*'  and  Paulis.tt  in  which 
it  is  proposed  to  heat  pig-iron  in  contact  with  steam,  and 
Eaton'sU  method  of  heating  pig-iron  together  with  car- 
bonate of  soda. 

*  BerggeUt,  iSjg,  No.  56.  B.  u.  h.  Ztg.,  1S60,  p.  «7. 

+  B.  u.  h.  Ztg.,  1856,  p.  104;  1857,  p.  181;  iSsg,  p.  225;  iSeo,  p.  7. 

X  Ibid.,  i860,  pp.  137,  243,  Z53,  172. 

II  Lbob.,  Jahrb.,  1859,  ii.,  184;  1S57,  vi.,  99. 
J  OelteiT.  Ztschr.,  185G,  No.  4a. 
if  Leob.,  Jahrb.,  1S52,  ii.,  1S4. 
•*  B.  u.  b.  Ztg.,  1861.  pp.  79,  456. 
tt  Ibid.,  J862,  p.  344. 
It  Ibid.,  t86i,  p.  j38. 
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STEEL    FROM    PIG-IRON.  3 

The  oxidation  of  the  carbon  in  the  fused  pig-iron  may 
be  effefled  by  the  application  of  blast  (the  produdtion  of 
natural  steel  in  open  fires,  and  Bessemer's  process),  or  of  air 
draught  which  is  employed  in  the  produftion  of  puddle  steel 
in  reverberatory  furnaces.  Steam  is  seldom  employed,  in 
which  case  (Sabatier's*  method)  the  oxidation  of  the  carbon 
takes  place  chiefly  through  the  formed  oxidised  iron.  When 
producing  natural  and  puddle  steel  special  fuel  is  employed 
for  melting  down  the  pig-iron  and  for  keeping  up  the  fused 
state  during  the  conversion  process ;  whilst  in  Bessemer's 
process  the  required  temperature  is  sustained  by  condudting 
blast  into  the  fused  metal,  thus  causing  an  oxidation  of  iron 
and  carbon. 

The  oxidation  of  the  carbon  in  the  fused  pig-iron  may  be 
effeAed  also  by  an  addition  of  oxidising  substances,  such  as 
pure  rich  iron  ores,  &c.  The  most  important  is  Heaton's 
process,  in  which  nitrate  of  soda  is  used  as  the  oxidising 
agent,  and  which,  therefore,  we  shall  also  describe  in  detail 
later  on. 

Uchatiust  has  produced  a  steel  adapted  for  various  pur- 
poses by  melting  in  crucibles  granulated  pig-iron  with  roasted 
magnetic  or  spathic  iron  ore,  and  a  small  quantity  of  oxide 
of  manganese.  By  varying  the  proportions  of  metal  and 
ore,  and  especially  by  the  addition  of  a  certain  quantity  of 
malleable  scrap  iron,  a  softer  or  milder  steel  maybe  obtained. 
This  method  is  adopted  at  WikmannshyttanJ  in  Dalekarlien, 
where  pig-iron  and  rich  magnetic  iron  ore  are  employed. 
Tunner  doubts  the  value  of  this  method,  as  the  result  is 
UQCertain,  and  also  as  the  crucibles  are  more  wasted  or 
corroded  than  in  Chenot's  method. 

Obuchow  produces  cast-steel  by  melting  pig-iron  with 
magnetic  iron  ore,  titaniferous  iron  sand,  malleable  scrap 
iron,  arsenious  acid,  saltpetre,  and  clay,  or  by  fusing 
pig-iron  with  an  addition  of  magnetic  iron  ore  and  arsenious 
add. 

*  Oetterr.  Ztschr.,  1S63,  No.  41. 

t  Leob.,  Jabrb.,  iSjy,  vi.,  85, 155;  1859,  'nil.,  154;  iSCa,  nli.,  70. 
i  Tujwbr's  Jahrb-.  1B41,  p.  iii;  1853,  Hi.,  309;  1857,  vi.,  106,355;  1858, 
»iii.,  157.      Leob.,  Jahrb.,  1863,  xii.,  71. 
B   2 
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A  more  uniform  produAion  may  be  obtained  by  replacing 
the  iron  ore  by  finely  divided  heated  pig-iron,  and  fusing  it 
with  finely  divided  pig-iron  which  has  not  been  heated,  and 
with  an  addition  of  brown  stone. 

2.  By  Fusing  Pig-iron  in  Admixture  with  Wronght- 
Iron. — This  principle  has  been  advocated  by  Karsten.  These 
methods  yield  a  more  uniform  produ<^  than  the  methods 
nvented  by  Chenot  and  Uchatius,  supposing  that  suitable 
raw  materials  have  been  applied  in  both  cases.  We  may 
here  mention  Obersteiner's  method,  which  is  adopted  at 
Gefle  in  Sweden,  &c.,  and  which  consists  of  a  fusion  of  pig 
with  wrought-iron,  and  Cowper's  method,*  consisting  of  a 
fusion  of  pig-iron  with  wrought-iron  and  with  an  addition  of 
oxide  of  iron  and  ferro-cyantde  of  potassium.  Price  and 
Nicholson's  method  consists  in  melting  malleable  iron  with 
refined  metal. 

Mr.  Siemens  has  applied  his  regenerative  gas  furnaces  to 
the  manufacture  of  steel  from  a  mixture  of  cast-  and  wrought- 
iron  on  the  open  bed  of  the  furnace;  this  (known  as  Siemens- 
Martin's  process)  undoubtedly  is  the  cheapest  method  and 
allows  the  produAion  of  large  masses. 

C.  Steel  from  Wrought-iron  by  Carbonisation. 

This  process  may  be  performed  either  at  the  temperature 
of  fusion  or  below  the  melting  point. 

In  the  latter  case  the  bar  iron  is  exposed  to  the  action  of 
solid  or  gaseous  carbonaceous  matter,  which  operation  is 
termed  cementation;  soft  puddle  steel  is  sometimes  also 
cemented  to  render  it  richer  in  carbon  and  harder  if  the  steel 
is  intended  for  the  manufacture  of  rails,  &c. 

Various  methods  may  be  employed.  The  methods  of  pro- 
ducing the  Indian  cast-stfeel  or  woot2,  the  real  and  imitation 
Damascus-steel,  &c.,maybe  mentioned.  Wootz  is  made  from 
malleable  iron  cut  into  small  pieces,  which  are  charged  in 
quantities  of  i  lb.  weight  in  clay  crucibles  with  about  lo  per 
cent  of  dried  wood.  Mushet  melts  wrought-iron  in  admixture 
with  coal  and  manganese.     Farrart  used  an  admixture  of 
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STEEL   FROM  WROUGHT-IRON.  5 

sal-ammoniac,  ferro-cyanide  of  potassium,  and  manganese 
(method  of  the  Damascus  Steel  and  Iron  Company  of  New 
York) ;  Heath*  uses  carburet  of  manganese. 

Howell's  homogeneousf  metal  is  the  softest  and  most 
tenacious  kind  of  cast-steel ;  it  is  poorest  in  carbon,  and 
stands  between  hard  cast-steel  and  soft  iron,  as  fine-grained 
wrought-iron  stands  between  puddled  steel  and  soft  iron. 
Homogeneous  metal  is  most  frequently  produced  by  melting 
very  pure  malleable  iron  with  i-i40th  or  i-ijoth  part 
of  charcoal  powder ;  it  is  also  produced  by  melting  pure 
malleable  iron  in  small  pieces  with  about  50  per  cent  in 
weight  of  scraps  of  cast-steel,  or  by  melting  wrought-iron 
with  an  addition  of  spiegeleisen ;  the  homogeneous  metal 
sometimes  results  from  the  Bessemer  process.  In  the  form 
of  plates  and  applied  to  coating  vessels  it  resists  the  aiStion 
of  sea  water  better  than  iron  plates,  and  is  also  employed 
for  the  maoufatfture  of  rails,  tubes,  &c. 

Verdie  terms  half-steel  (produit  mixte)  a  produA  fit  for 
rails ;  the  inside  consists  of  wrought-iron  and  the  outside  is 
coated  with  cast -steel. 

Classification  of  Steel  according  to  the  Treatment  it 
Undergoes. — Steel  produced  by  any  of  these  methods  is 
more  or  less  uniform,  and  is  rendered  homogeneous  either  by 
the  operation  of  fusion,  when  it  is  termed  cast-steel,  or  by  a 
repeated  welding  and  forging  or  rolling,  in  which  case  the 
product  will  be  called  shear-steel.  The  term  cast-steel  is 
also  now  and  then  applied  to  the  inferior  sorts  of  steel  ob- 
tained by  melting  pig  with  malleable  iron  or  with  oxidising 
agents,  &c.  Cast-  and  shear-steel  may  be  equal  in  tenacity 
and  hardness  supposing  both  to  be  produced  from  good  ptg- 
iron ;  on  the  other  hand,  a  more  homogeneous  produ^ 
results  from  melting  than  from  welding  and  forging,  if  an 
inferior  pig-iron  has  been  employed  in  its  produtftion.  An 
improvement  of  the  cast-steel  is  attempted  by  the  addition 
of  certain  substances,  thus  producing,  according  to  the 
nature  of  the  addition,  platinum  steel,  silver  steel,  tungsten 

*  HiniDg  Journal,  i8j3i  No.  913. 

f  Berggeiat,  1858,  pp.  163,  413.  DiNOL.,  Bd.  151,  p.  109.  B.  n.  h.  Ztg., 
iSjOip.  303;  1861,  p.  ^;  iSGi,  p.  411;  1863,  p.  1E7.  Pofyt.  CentT.,  1S61,  p. 
580.    Lcoa.,  Jahib.,  1863,  p.  Ga. 
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steel,  &c.  Steel  which  shows  a  pattern  upon  etching  a 
polished  section  with  acids,  is  called  damasked  steel. 

The  additions  given  to  the  steel  either  do  not  adl  at  all,  or 
only  in  such  a.  manner  as  to  remove  injurious  substances, 
such  as  sulphur,  silicon,  &c.,  with  which  they  combine  and 
become  scorified;  this  is  especially  the  case  with  manganese 
(Heath's  patent) ;  the  additions  seldom  enter  into  the  steel. 

Classification  of  Steel  according  to  its  Applications. — 
Steel  intended  for  the  manufafture  of  tools  is  produced  from 
the  best  kinds  of  raw  or  cement  steel,  which  may  be  refined 
either  by  fusion  or  by  welding  and  foiling.  Steel  requiring 
a  certain  hardness  combined  with  great  tenacity  for 
cutters,  &c.,  is  produced  from  welded  cement  steel  produced 
from  Swedish  iron,  in  preference  to  cast-steel  which  is  em- 
ployed in  the  manufaflure  of  objeiils  of  less  importance.  In 
the  manufadture  of  tools  it  is  very  necessary  always  to  em- 
ploy the  same  quality  of  steel,  which  explains  the  pre- 
ference given  to  the  approved  modesof  production  though  they 
are  more  expensive.  This  is  the  reason  why  in  England 
Swedish  iron  is  still  employed  for  the  produAion  of  the  best 
kinds  of  cast-steel ;  the  cemented  bars  when  broken  into 
pieces  are  carefully  sorted  and  fused  as  quickly  as  possible 
in  clay  crucibles,  but  not  in  plumbago  crucibles.  In  Styria 
the  shear-steel  produced  from  raw  steel  is  also  more  ex- 
pensive than  cast-steel,  it  is  said  to  possess  more  tenacity 
than  cast-steel  and  equal  hardness. 

At  present  the  puddle  steel  produced  from  good  charcoal 
pig-iron  has  in  many  cases  entered  into  competition  with 
the  raw  and  cement  steel,  especially  when  the  steel  is 
intended  for  the  manufadture  of  tools. 

As  these  sorts  of  steel  are  worked  into  the  most  various 
small  objetfls,  and  are  also  drawn  out  into  very  thin  dimen- 
sions, thus  increasing  their  value  very  considerably,  the 
application  of  a  superior  quality  containing  a  lai^r  amount 
of  carbon  is  required,  otherwise  the  repeated  heatings  re- 
quired will  extract  too  much  of  the  carbon  and  render  the 
steel  too  soft. 

Cast-steel  is  often  employed  instead  of  iron  for  lai^e 
castings,  when    it    must    be    cheap,    only  slightly   hard, 
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homogeneous,  and  du(5ti]e,  so  as  to  allow  an  easy  treatment. 
These  kinds  of  steel  are  not  worked  into  smaller  objedls,  and 
the  castings  are  usually  finished  in  the  steel  melting  works. 
Puddled  steel  is  usually  employed  as  the  material  for  this 
kind  of  cast-steel ;  also  steel  produced  from  melting  pig-iron 
with  malleable  iron,  and  steel  produced  from  pig-iron  with 
oxidising  agents,  especially  Bessemer's  steel,  are  largely  em- 
ployed. Cast-steel  will  always  be  superior  in  quality  if  pro- 
duced from  superior  raw  material  of  constant  composition. 

In  most  cases  the  somewhat  more  expensive  puddled  steel 
is  preferred  to  Obersteiner's  steel,  and  almost  always  before 
Uchatius's  steel,  as  it  yields  cast-steel  of  greater  homo* 
geneousness.  Bessemer  steel,  however,  is  preferable  to 
the  puddled  steel  for  the  produi5lion  of  large  masses,  as 
being  more  homogeneous,  cheaper,  more  quickly  produced, 
and  requiring  no  re-melting  in  crucibles.  Stemens's  steel  and 
Heaton's  steel  are  likely  to  enter  into  competition  with 
Bessemer's  steel. 

Petretto  endeavoured  to  replace  the  cast-steel  for  large 
obje<fts  by  forming  the  raw  steel  into  large  piles,  which  were 
then  heated  in  reverberatory  furnaces  and  forged  under  a 
steam  hammer ;  however,  a  certain  uniformity  and  the  re- 
quired homogeneousness  of  the  large  masses  are  better 
secured  by  fusion  than  by  welding  and  forging. 

Cast-steel  is  employed  for  the  manufa<5ture  of  railway 
wheels  and  axles,  bevelled  wheels,  bells  (bells  of  cast-steel 
manoCaiftured  in  Bochum  are  from  iS  to  102  inches  in 
diameter  and  weigh  from  90  to  156,000  lbs.),  guns,  &c. 

There  are  veiy  few  published  works  on  the  manufa^ureof 
steel ;  the  following  treatises  are  those  most  worthy  of  men- 
tion : — 
Dahbuue,    prat^isches     Handbuch    der    Stahlbereitung ; 

deutsch  von  Hartmann,  1839. 
Ovbkuann,   die   Bereitung  und  Verarbeitung  des  Stahls  ; 

deutsch  von  Hartmann,  2,  Auflage,  1856. 
Gruker  et   LAN,  £tat  present  de  la   M^tallurgic  du  fer  en 

Angleterre.     Paris;  i86z,  page  711. 
JULLIEK,  Handbuch  der  EisenhQttenkunde,   deutsch  von 
Hartmann,  1861,  p.  271. 
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Tuknbr's  Abhandlungen  im  Leoben,  Jahrbucb. 
Schafhautl's  Artikel  Qbcr  Stabl,  in  Bd.  xv.  von  Prechtl's 

technologiscber  Encyklopadie. 
Landrin,  Traite  de  I'acier.     Paris :  1859. 
Dbssoyb,  Etudes  thfioretiques,  &c.    Paris :  1859. 

Properties  of  Steel. 

Colour. — Steel  is  wbitisb  grey,  or  wbite  and  dull,  with  a 
silky  frafture. 

Texture. — Tbe  texture  of  steel  is  fine-grained,  the  grains 
being  of  an  indefinite  jagged  shape,  and  somewhat  lighter 
and  finer  in  tempered  steel  than  in  soft  steel.  Tungsten 
steel  shows  a  perfe»SiIy  conchoidal  fra<5ture  on  which  the 
grain  is  so  fine  as  to  be  scarcely  perceptible.  Natural  steel 
in  the  original  balls,  and  cement  steel  after  cementation,  as 
well  as  cast-steel  immediately  after  being  cast,  shows  a 
coarse  non-uniform  appearance,  and  has  but  little  tenacity ; 
but  the  grain  will  become  finer  if  the  steel  is  drawn  out 
at  suitable  temperatures  to  very  small  dimensions,  and  if 
a  very  high  temperature  has  been  employed  in  its  temper- 
ing. Slowly  cooled  steel  maintains  its  original  texture, 
and  hardened  steel  retains  it  if  re-heated  and  slowly  cooled. 
This  circumstance  must  be  taken  into  consideration  when 
judging  the  quality  of  steel  from  the  appearance  of  the  frac- 
ture, as  steel  is  usually  considered  to  be  of  superior  quality 
if  its  grain  is  very  fine.  The  appearance  of  the  fradlure  may 
prove  the  uniformity  of  steel,  but  does  not  indicate  its  other 
properties,  hardness,  tenacity,  &c.  These  qualities  depend 
on  the  quality  and  quantity  of  the  foreign  admixtures  con- 
tained in  the  steel,  and  can  only  be  determined  by  direA 
trials  and  tests. 

Upon  hardening,  steel  loses  its  crystalline  grain  more 
entirely  the  more  perfect  and  the  more  homogeneous  the 
steel  is  before  hardening ;  therefore  cast-steel  undergoes  a 
greater  change  than  all  other  kinds  of  steel.  When  suitably 
hardened,  the  grain  of  the  steel  disappears  almost  entirely, 
and  the  steel  then  attains  a  compaA  fracture,  even  or  slightly 
conchoidal.  The  smaller  the  grain  the  less  lustre  tbe  steel 
shows,  and  the  lighter  is  its  colour. 
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A  coarse  light  grain  generally  indicates  an  approach  to  the 
nature  of  wrought -iron  or  of  a  soft  steel  poor  in  carbon,  and 
a  fracture  showing  a  mizture  of  more  or  less  fine  grains, 
partly  lustrous  and  partly  dull,  proves  that  the  steel  is  not 
homogeneous.  Light,  bright,  and  coarse  grains  indicate 
that  the  steel  is  intermixed  with  iron  ;  steel  sometimes  con- 
tains even  tough  veins  of  iron. 

The  following  valuable  consideration  on  the  texture  of 
Bessemer  and  other  steel  are  extrafted  from  the  "  Praiflical 
Mechanics  Journal "  of  November  i,  1865,  page  226  : — 

"  There  is  one  grand  result  obtained  both  in  steel  and 
wrought -iron  making  by  the  puddling  process  which  as  yet 
has  not  been  achieved  by  the  Bessemer  process — the  pro- 
duction  of  fibre,  upon  which  so  much  of  the  ultimate  exten- 
sibility of  the  material  depends,  and  hence  so  much  of  the 
high  c:on5tru£tive  value  that  is  due  to  a  just  union  of  ultimate 
cohesion  and  toughness,  the  produdt  of  which  is  represented 
in  '  work  done '  by  the  Mallet  co-efficients  of  permanent  elas- 
ticity and  of  rupture  T,  and  T,. 

"  Although  the  integrant  crystals  of  steel  are  much  smaller 
and  less  pronounced  (at  least  as  procured  by  the  Bessemer 
process)  than  those  of  puddled  wrought-iron,  there  can  be  no 
doubt  that,  as  an  Ingot  of  Bessemer  steel  cools,  its  integrant 
crystals  must  arrange  themselves  within  the  mass  in  exadl 
obedience  to  the  general  law,  viz.,  with  their  principal  axes 
of  symmetry  in- the  direction  in  which  the  surface  waves  of 
beat  have  passed  off  from  the  mass,  that  is,  perpendicular  to 
Uu  external  surfaces  of  contour  of  the  ingots,  provided  that  the 
cooling  be  not  so  rapid  as  to  preclude  time  for  any  sym- 
metrical arrangement. 

"  This  arrangement  is,  in  fai5l,  very  commonly  visible  in  a 
broken  section  of  an  ordinary  ingot  of  cast-steel  of  the  old 
process,  and  markedly  so  in  ingots  that  have  cooled  slowly 
in  too  hot  ingot  moulds.  In  this  latter  case  the  stellate  and 
croissade  arrangement  of  the  crystalline  axes  as  seen  in  the 
transverse  sedtion  of  a  broken  ingot  is  remarkable  and  beau- 
tiful, and  it  is  a  curious  example  of  old  ignorance  that  when 
this  is  seen  by  the  Sheffield  steel  casters  they  call  the  steel 
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"  burnt,"  and  a^ually  throw  it  aside  as  useless  until  re- 
melted. 

"  Now,  as  all  cast-steel,  Bessemer  or  other,  is  crystalline, 
and  as  the  crystalline  axes,  when  free  to  dispose  their  poles 
in  the  liquid  steel,  do  take  diretftions  in  accord  with  the 
general  law,  how  is  it  that  when  the  large  ingot  of  Bessemer 
steel  is  hammered  out,  or  rolled  out,  fibre  is  not  induced  as 
in  wrought-iron  ?  How  is  it  that  nothing  happens  but  a  still 
greater  diminution  of  the  size  of  the  crystalline  particles — a 
reduftion  equal  nearly  in  all  dimensions — and  which  seems 
to  have  no  visual  limits,  as  the  redudlion  of  the  size  of  the 
piece  is  continued  by  the  hammer  or  the  rolls,  until  at  last 
the  microscopic  fineness  of  the  crystal  gives  that  charadler 
of  silvery  whiteness  and  lustre  to  the  naked  eye,  by  which 
the  fradture  of  a  very  small  piece  of  forged  steel,  as  a  knife 
blade,  is  charadterised,  when,  in  fa<5l,  the  crystalline  particles 
can  alone  be  recognised  by  the  microscope  ? 

"  In  wrought-iron,  on  the  contrary,  whatever  may  be  the 
direftion  of  the  principal  axes  of  symmetry  of  the  integral 
crystals  in  the  puddled  mass  when  cold,  they  are  ultimately 
found,  in  accordance  with  the  same  general  law,  parallel  with 
the  direction  of  least  pressure  witkin  the  mass  after  it  has  cooled, 
whether  that  internal  pressure  has  been  due  to  contradtion 
by  cooling,  or  by  squeeze  of  the  rolls,  or  to  both. 

"  If  the  iron  be  rolled,  say  a  bar  of  rivet  iron,  the  lengthway 
fibre  is  merely  this  arrangement  of  the  principal  axes  of  the 
crystals.  The  crystallising  elements,  having  at  once  the 
property  of  dudlility,  as  well  as  that  of  crystallo-potentiality, 
having  been  elongated  by  rolling,  while  maintaining  the  con- 
stancy of  axial  diiecftion. 

"  Now  why  does  not  the  same  happen  with  steel,  and  if  it 
could  be  made  to  happen,  why  should  we  not  obtain  a  similar 
great  increment  of  elastic  extensibility  in  the  diredlion  of  the 
fibre,  that  is,  of  the  lengthway  of  the  rolled  bar  or  plate  of 
steel,  that  we  do  in  wrought-iron  ? 

"  We  believe  the  cause  of  the  difference  is  not  any  one  in- 
herent in  the  chemical  properties  of  steel  as  against  iron, 
although  it  is  true  that  from  the  greater  rigidity  of  steel  at 
the  temperature  at  which  it  can  be  hammered  or  rolled  as 
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compared  with  wrought-iron,  there  must  probabfy  be  always 
a  greater  difficulty  of  ciystalUae  arrangement  in  the  steel 
than  in  the  wrought-iron. 

"  This  is  a  molecular  or  physical  difference,  however,  and 
in  this  is  the  real  point  of  difference  in  the  two  cases. 

"  The  ordinary  process  of  puddling  in  wrought-iron  is  one 
partly  chemical — the  robbingthe  cast-iron  of  certain  of  its  com- 
plcx  constituents  by  the  air  draught  and  fuel  of  the  furnace, 
partly  mechanical — where,  by  the  continual  movement  of  the 
rabble  or  rake,  the  puddler  kneads  and  mixes  up  intimately 
and  inseparably,  and  in  a  finely  divided  state,  the  refined  iron, 
with  a  certain  quantity  of  slag  or  silicate  of  iron,  which  once 
thus  involved  between  the  crystals  never  afterwards  wholly 
leaves  the  mass.  In  all  subsequent  operations,  whereby  the 
iron  is  then  rolled  or  otherwise  changed  in  form  by  pressure 
or  blows  while  heated,  this  fusible  slag,  disseminated  through- 
out  its  mass,  acts  as  a  lubricator,  so  to  say,  in  giving  freedom 
and  moUviiy  to  the  re-arrangement  of  the  etystals,  whether  these 
be  rolled  out  into  long  ones  (fibre)  or  not. 

"  Just  as  the  able  researches  of  Sharp,  Sorby,  and  Tyndail, 
on  the  mechanism  of  slaty  cleavage,  or  lamination  in 
rocks,  in  ice,  in  clays,  in  many  other  bodies,  have  shown 
that  what  is  necessary  is  a  heterogeneous  and  yielding  body 
between  the  particles  of  the  rigid  or  more  rigid  one,  whether 
those  of  the  latter  be  crystalline  or  not. 

"  This  Tyndail  familiarly  illustrates  by  the  way  in  which 
the  lamellar  or  fibrous  struifture  is  given  to  common  puff 
paste  by  the  cook,  in  which  the  butter  plays  the  part  of  lubri- 
cant between  the  particles  of  dough. 

"  Now  let  us  appeal  to  the  fadts  of  puddled  steel,  whether 
these  will  not  bear  out  these  views. 

"  The  process  differs  in  nothing  from  puddling  iron  but 
in  stopping  it  at  the  right  moment ;  hut  the  working  of  the 
'  steel  ball '  with  the  rake  of  the  puddler  goes  on  just  as  with 
the  ordinary  'puddle  ball'  of  wrought-iron,  and  in  either 
case  the  silicate  of  iron  is  more  or  less  mixed  up  with  the 
metal.  The  steel  ball  is  now  hammered  and  rolled  into  a 
plate  or  rod,  but  now  it  is  found  that  it  has  required  a  certain 
amount  of  fibre,  that  the  co-efficients  of  elasticity  (as  found 
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by  Mallet)  are  sensibly  different  in  different  direftions,  and 
greatest  in  the  dtrecftion  of  the  rolled  length  of  the  plate  or 
rod.  Yet  what  is  the  difference  in  the  steel  itself  puddled 
made  from  that  made  by  Bcssemerising  ?  Nothing  particu- 
larly, except  that  the  former  contains  silicate  of  iron  kneaded 
up  in  fine  division  with  it,  the  other  does  not.  In  this  we 
believe  alone  lies  the  difference  in  the  result  of  roiling  on 
each." 

M.  Schott*  has  established  for  himself  a  theory  (vol.  ii., 
pp.  291,  549).  He  contends  that  each  crystal  of  iron  is  an 
odtahedron,  or  rather  a  double  pyramid  raised  upon  a  flat 
square  base.  The  heights  of  the  pyramids  are  not  in  the 
same  proportion  to  their  bases  in  different  kinds  of  steel, 
and  the  pyramids  become  flatter  as  the  proportion  of  carbon 
decreases. 

Consequently,  in  cast-iron,  and  in  the  crudest  kinds  of 
bard  steel,  the  crystals  approach  more  to  the  cubical  form, 
and  the  opposite  extreme,  or  wrought-iron  shafting,  has  its 
pyramids  flattened  down  to  parallel  surfaces  or  leaves,  which 
in  their  arrangement  produce  what  we  call  the  fibre  of  the 
iron.  Between  these  limits  all  variations  of  heights  of  pyra- 
mids can  be  observed  in  the  different  kinds  of  steel  in  which 
these  crystals  are  arranged  more  or  less  regularly  and  uni- 
formly, according  to  the  quality  and  mode  of  manufa<;iure. 
The  highest  quality  of  steel  has  all  its  crystals  in  parallel 
positions,  each  crystal  filling  the  interstices  formed  by  the 
angular  sides  of  its  neighbours.  The  crystals  stand  with 
their  axes  in  the  diredtion  of  the  pressure  or  percussive  force 
exerted  upon  them  in  working,  and  consequently  the  fratflure 
shows  the  sides  or  sharp  comers  of  all  the  parallel  crystals. 
In  reality  good  steel  under  the  microscope  shows  targe 
groups  of  fine  crystals  like  the  points  of  needles  all  arranged 
in  the  same  dire<5tion,  and  parallel  to  each  other.  If  held 
against  the  light  in  a  particular  direiflion,  each  point  refletfts 
the  light  completely,  and  they  thus  show  a  series  of  parallel 
brilliant  streaks  all  over  the  surface.  Now  the  exaA  paral- 
lelism of  the  pointed  ends  or  of  the  streaks  of  light  is  one  of 

*  Iron  and  Steel  MM)af>ftnre,  by  P.  Kohn  :  London,  1S69,  p.  114. 
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the  most  decisive  tests  of  a  good  quality  of  steel,  and  this  is 
not  visible  quite  so  frequently  as  might  he  generally  imagined. 
On  the  contraiy,  the  majority  of  steel  fradtures  show  crystals 
arranged  in  parallel  groups  or  bundles  clustered  together  in 
several  distinct  crystalline  layers  which  are  not  parallel  to 
each  other. 

Specific  Gravity. — The  specific  gravity  of  steel  varies 
between  7*5  and  8'o,  and  is  diminished  by  hardening  for  the 
reasons  given  in  vol.  ii.,  page  282.  According  to  HausmanUi 
hard  unweMable  steel  from  the  Soiling  steel  works  was  re- 
duced from  7*8439  to  7'6770,  and  weldable  steel  from  7*8377 
to  7'8oi2  by  being  quenched  at  a  red  heat  in  cold  water. 
The  change  of  volume  is  not  uniform  even  for  ohjeAs  of  a 
regular  form.  Caron*  found  that  upon  hardening  the  same 
bar  many  times  in  succession  the  hammered  bars  contracted 
in  length,  but  increased  in  other  dimensions.  Rolled  bars 
and  sheets,  on  the  other  band,  increased  in  length.  After 
thirty  hardenings  the  specific  gravity  was  diminished  from 
7-817107-743. 

According  to  Vickers's  investigations  the  specific  gravity 
of  steel  also  diminished  with  the  proportion  of  carbon  con- 
tained in  the  steel.  For  example,  steel  containing  1-25  per 
cent  of  carbon  showed  a  specific  gravity  of  7*823,  and  steel 
with  0"33  per  cent  of  carbon  7*871. 

The  following  table  shows  the  specific  gravity  of  Bessemer 
steel  of  various  degrees  of  carburisation  made  at  Sandviken 
in  Sweden ; — 

Specific  Qnyity. 
Percentage  of  Carbon.  Soft.  Hardened. 

1-5  7785  7736 

1-3  7'83a  7*771 

0-9  7"874  7'8o8 

0-6  7'879  r8o7 

0*4  7'893  7"839 

Hardness. — The  hardness  of  steel  varies  with  its  propor- 
tion of  carbon.  The  steel  poorest  in  carbon  is  the  least  hard, 
and  the  steel  richest  in  carbon  approaches  white  pig-iron, 
bat  its  other  properties,  strength,  fusibility,  weldability,  &c., 

*  DiHOt,.,  Bd.  168.  p.  3fi. 
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are  then  modified.  For  instance,  an  increase  of  carbon  de- 
creases the  tenacity,  strength,  and  weldability  of  steel,  and 
renders  it  more  easily  fusible.  Unhardened  steel  with  the 
proper  amount  of  carbon,  1*4  or  1*5  percent,  is  but  little  harder 
than  wrought-iron.  The  degree  of  hardness  imparted  by  the 
operation  of  hardening  and  tempering  depends  partly  on  the 
amount  of  carbon  present,  but  principally  on  the  difference 
between  the  temperature  of  the  heated  metal  and  that  of  the 
fluid  employed  in  hardening,  and  the  rapidity  with  which  the 
cooling  takes  place.  Fluids  possessing  the  highest  conducing 
power  for  heat  produce  the  greatest  hardening.  Thebrittle- 
ness  of  steel  also  increases  with  its  hardness,  and  steel  which 
is  BO  hard  that  it  cannot  be  attacked  by  a  file  may  be  pul- 
verised almost  like  glass. 

Steel  of  this  hardness  cannot  be  used  pra<£tLcalIy,  and 
in  order  to  remove  its  brittleness  it  is  heated  up  to  a  certain 
temperature,  and  then  cooled,  when  it  will  attain  the  de- 
sired degree  of  hardness.  The  proper  temperature  is 
indicated  by  the  colour  of  the  thin  film  of  oxide  formed  on  the 
surface  of  the  heated  steel,  which  will  be  described  later  on. 
Steel  not  requiring  a  high  temperature  for  attaining  the 
desired  hardness  is  usually  the  most  useful,  as  it  then  con- 
tains the  proper  amount  of  carbon. 

The  bnttleness  of  steel,  which  has  been  induced  by  hard- 
ening, must  not  be  confounded  with  a  deficient  tenacity. 
Bnttleness  usually  originates  from  impurities  of  the  pig-iron 
employed,  and  sometimes  from  an  unequal  distribution  of  the 
carbon  in  the  steel,  and  the  steel  is  the  more  inferior  in 
quality  the  more  brittle  it  has  been  made  by  the  operation 
of  hardening. 

Foreign  substances  present  may  exert  a  considerable  in- 
fluence upon  the  hardness  of  the  steel,  and  this  influence  may 
be  favourable  if  the  tenacity  is  not  injured  in  the  same  time. 
This  is  the  case  when  tungsten,  for  instance,  is  present,  and 
the  influence  may  be  unfavourable  if  the  tenacity  is  injured 
or  the  steel  is  rendered  too  brittle.  This  result  is  produced  by 
substances  such  as  phosphorus,  silicon,  &c.  V.  Waltenhofen* 

*  DtNOL.,  Bi.  t07,  pp.  101,  346. 
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has  suggested  an  excellent  mode  of  determining  the  hard- 
ness of  steel  by  eleftro-magnetism. 

Homogeneous  metal  (page  5),  the  Bessemer  steel,  and 
some  kinds  of  puddled  steel  belong  to  the  softest  kinds  of 
steel  which  are  poorest  in  carbon  ;  natural  and  cement  steel 
in  the  fonn  of  cast-  or  shear-steel  is  harder  and  richer  in 
carbon. 

Strength. — The  tensile  strength  of  steel  considerably 
exceeds  that  of  wrought-iron.  The  transverse  strength  is 
likewise  very  great,  and  the  crushing  strength  varies  with 
the  hardness  of  the  steel. 

The  following  results*  will  be  found  of  interest : — 

Comparative  Strength  of  Various  Kinds  of  Iron  and  Steel  in 
lbs,  per  Square  Inch, 
lbs. 

Ordinary  cast-iron  (which  varies 
considerably)  may  be  taken  at  18,656  Templeton. 

Swedish  cast-iron  used  for  ord- 
nance       33,000  Woolwich  Arsenal. 

Bessemer  "  iron "  in  its  cast, 
anhammered  state ;  mean  of 
five  trials 41,242  „  ,, 

Wrought-Iron  Plates ,-  Mean  Breaking  Weight  with  and  across 
the  Fibre. 

lbs. 
Yorkshire  plates ;  best  ....  59,584  Fairbaim. 
„  ,,         ordinary     .     .  54,656         „ 

Deihyshire   „ 45.136         „ 

Shropshire    „ 50,176        „ 

Staffordshire,, 45<472        » 

Mean  of  four  trials  of  soft  iron 

plates  made  by  the  Bessemer 

process 68,319  Woolwich  Arsenal. 

Boiler  plates  made  of  very  soft 

cast-steel      (approaching      in 

quality  to  iron)  made  by  the  ™^^j^  ^^  ^ 

Bessemer  process  ....      110,000 1     (.j^gg^gr 

*    Ure's  DiAionsiy  or  Arts  and  Mines,  vol.  iii.,  781. 
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Stul  Plates ;  Mean  Breaking  Weight  with  and  across  the  Fibre 
{continued). 

ibi. 
Turton    and    Sons'    cast-steel 

(^  inch  thick)  lengthwise   .    94,289  Kirkaldy. 
„     „    „    „    (J  inch  thick) 

crosswise 96,308        „ 

Mersey  Co.  puddled  steel  (z-i6th, 
3-i6th  inch  thick)  length- 
wise     101,450        „ 

»    »     ..    ..    (2-i6th,  3-i6th 

inch  thick)  crosswise     .    .    84,968        „ 
„    hard  puddled  steel  (^  inch 

thick)  lengthwise  ....  102,593         „ 
„    „    „     „      (J  inch  thick) 
crosswise 85,365        ,, 

Iron  Bars  Hammered  or  Rolled. 
lbs. 

English  bar  iron 55.87a  Templeton. 

„  „  56,000  Rennie's  Tables. 

Swedish      „  72,000        „  „ 

„  „  72,064  Templeton. 

Bessemeriron,meanof  eight  trials  72,643  Woolwich  Arsenal. 

„  „    maximum  ,     .     .    82,110         „  „ 

Cast-steel,  made  by  the  Bessemer 
process,  in  its  unhammered 
state  ;  mean  of  eight  trials    .    63,022  „  „ 

Sheffield  cast -steel 130,000  Rennie's  Tables. 

Cast-steel  made  by  Knipp  of 

Essen 127,320  Woolwich  Arsenal. 

•,    >,    It    Captain  Uchatius.    91,955 
Cast-steel  made  of  Nova  Scotia 

iron  by  the  ordinary  process.  128,043 
Bessemer  steel ;  mean  of  seven 

trials 152,911 

„  „        maximum .    .  162,970 

The  tensile  strength  of  steel  is  influenced  by  the  following 
circumstances : — 

a.  The  Degree  of  Hardness. — Whilst  good  unhardened 
steel  in  bars  of  i  square  inch  sei5tion  ruptures  at  a  strain  of  • 
about  120,000  lbs,  (wrought-iron  bears  only  about  59,000  lbs.), 
the  strength  may  be  increased  up  to  150,000  lbs.  if  the  steel 
be  properly  hardened.     On  the  other  hand,  the  steel  will 
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bear  a  mean  breaking  weight  of  110,000  Iba.  only,  if  rendered 
too  hard.  The  greatest  strength,  therefore,  is  not  combined 
with  the  greatest  hardness. 

b.  The  Amount  of  Carbon. — According  to  Vickers's  in- 
Testigations,  the  tenacity  or  c(^esion  of  steel  increases  with 
its  amount  of  carbon  up  to  ij  per  cent,  but  decreases  if  the 
pr<)portion  of  carbon  exceeds  1^  per  cent. 

Krapp's  cast-steel  combines  great  tenacity  with  homo- 
geneousness,  owing  to  a  most  careful  mechanical  treatment 
and  to  its  small  amount  of  carbon.  The  latter  circumstance 
renders  the  steel  more  difficult  to  fuse,  and  therefore  neces- 
sitates the  employment  of  smelting  furnaces  with  a  draught 
stronger  than  usual.  A  larger  amount  of  carbon  facilitates 
the  fusibility  of  the  steel,  but  decreases  its  tenacity  and 
weldability.  The  texture  of  steel  is  not  modified  by  the 
circumstances  which  render  wrought-iron  crystalline  (vol.  ii., 
page  686) ;  steel  poor  in  carbon  is  therefore  frequently  used 
for  replacing  wrought-iron  ;  it  is,  moreover,  much  stronger. 

c.  The  Mechanical  Treatment. — Steel  is  stronger  and 
more  homogeneous  if  submitted  to  an  often-repeated  and 
long  mechanical  treatment.  A  repeated  re-heating  of  the 
steel  extra^s  some  of  the  carbon,  which  is  likely  to  increase 
the  tenacity  of  the  steel,  as  we  have  before  mentioned. 
Greater  tenacity  of  the  steel,  however,  is  probably  caused 
more  by  careful  mechanical  treatment  than  by  its  amount 
of  carbon.  Wrought-iron  is  never  so  repeatedly  welded, 
hammered,  and  rolled  as  steel,  and  therefore  is  not  so 
homogeneous.  Homogeneousness,  combined  with  greater 
strength  and  elasticity,  has  been  the  reason  that  of  late 
wrought-iron  is  so  frequently  replaced  by  the  varieties  of  soft 
steel  or  fine-grained  iron,  which,  at  the  same  time,  possess 
the  property  of  welding.  On  the  other  hand,  fibrous  wrought- 
iron  produced  from  white  pig  is  cheaper  than  fine-grained 
iron,  and  answers  many  purposes.  Natural  steel  has  fre- 
quently the  deficiency  of  being  partially  raw,  owing  to  imper- 
fect fining,  but  it  may  be  improved  by  repeated  welding  or 
re-melting  if  it  is  not  too  raw. 

d.  The  Quality  of  the  Raw  Material  and  the  Method 
of  Producing  the  Steel. — When  repeatedly  heated,  natural 

VOL.  III.  c 
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steel  often  better  retains  its  nature  and  its  carbon  in  more 
intimate  combination  than  some  kinds  of  cement  steel. 
The  good  spathic  iron  ores  of  Styria  and  Carintbia  without 
exception  yield  a  natural  steel  of  good  appearance,  but  the 
best  steel,  excelling  in  weldability,  hardness,  and  tenacity, 
can  only  be  produced  from  a  certain  kind  of  spathic  ores 
occurring  in  the  lower  part  of  the  Erzberg,  at  Eisener^  in 
Styria,  and  of  the  HOttenberg  in  Carinthia.  The  natural 
steel  produced  from  these  ores  differs  again  in  homogeneous- 
oess  and  hardness  according  to  the  method  of  fining  em- 
ployed. The  external  appearance  of  the  steel  does  not 
always  indicate  its  nature,  which  explains  why  in  many  steel 
works  the  method  of  produ<5tion  which  has  been  followed 
there  for  a  long  time  is  anxiously  retained. 

e.  Foreign  Admixtures. — These  admixtures  are  nearly  the 
same  as  thosewhich  contaminate  wrought-iron  (vol.  ii.,  page 
690),  but  they  adl  more  or  less  energetically ;  some  of  them 
(tungsten,  titanium)  are  favourable,  and  others  (silicon,  sul- 
phur, phosphorus,  copper,  &c.)  are  unfavourable.  When 
employing  impure  pig-iron  the  foreign  substances  will  accu- 
mulate more  in  the  natural  or  puddle  steel  than  in  the  fined 
wrought-iron  ;  a  purer  pig-iron  is  therefore  usually  employed 
in  the  production  of  steel,  and  for  this  reason  the  foreign 
admixtures  are  present  in  less  quantity,  and  are  therefore 
less  influential.  Steel  is  also  more  carefully  treated  than 
wrought-iron. 

Steel,  chiefly  the  natural  steel,  is  sometimes  rendered 
deficient  in  uniformity  by  an  intermixture  of  magnetic 
oxide  in  consequence  of  a  bad  welding  or  an  imperfedl 
hammering ;  now  and  then  particles  of  slag  occur  in  the 
puddled  steel,  less  frequently  in  the  natural  steel.  The  red- 
shortness  of  steel  is  caused  by  the  presence  of  copper  oftener 
than  of  sulphur,  and  is  indicated  by  cracks  at  the  edges  of 
the  steel-bar  when  drawn  out  at  a  red  heat  and  plunged  into 
cold  water ;  the  fine  cracks  include  black  oxide  of  iron;  they 
cause  a  superficial  roughness  of  the  bar  and  are  frequently 
seen  only  by  means  of.  a  lens.  Rawness  of  the  steel  like- 
wise causes  cracks  on  the  edges,  which,  however,  may  be 
removed  by  refining  the  steel.  Good  steel  is  free  from  cracks 
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at  the  edges  and  &om  black  oxide  of  iron,  and  the  edges 
are  smooth.  Cold-shortness  is  seldom  caused  by  phosphorus 
for  the  reason  that  pure  pig-iron  is  mostly  employed,  and  the 
cold -shortness  in  steel  is  usually  caused  by  burning  or  cold- 
hammering  the  steel,  and  frequently  also  by  imperfeftly 
fining  it. 

Elasticity. — ^This  property  corresponds  with  hardness, 
and  good  steel  possesses  it  in  a  high  degree.  The  elasticity 
varies  with  the  hardness,  and  both  properties  are  combined 
in  the  best  quality  of  steel,  if  the  steel  is  free  from  impurities, 
possesses  the  proper  amount  of  carbon,  and  is  properly 
hardened  by  employing  a  suitable  temperature  and  the  proper 
agent  for  cooling. 

Behaviour  of  Steel  at  Higher  Temperatures. — On 
heating,  steel  acquires  different  colours  according  to  the 
following  scale : — 

Tti^traturt.  Colour. 

320°  C.  Pale  yellow. 

230°  Straw-yellow. 

243°  Golden-yellow. 

255*  Brown. 

265°  Brown  dappled  with  purple. 

277*  Purple. 

288°  Bright  blue. 

293°  Full  blue. 

316°  Dark  blue. 

When  cooled  strongly,  steel  which  has  been  softened  by 
heating  assumes  a  finer  grain  and  a  lower  specific  gravity, 
and  with  steels  of  the  same  amount  of  carbon  it  will  become 
harder  the  greater  the  difference  of  the  temperature  em- 
ployed at  the  operation  of  hardening.  Such  hardened  steel 
may  be  softened  again  by  re-heating,  and  it  will  remain  soft 
if  allowed  to  cool  slowly.  At  an  increased  temperature  steel 
attains  the  property  of  wrought-iron  for  welding,  but  the 
temperature  required  is  not  quite  so  high  as  that  for  welding 
wrought-iron.  At  the  operation  of  welding,  steel  loses  more 
or  less  of  its  carbon  according  the  mode  of  production,  if 
atmospheric  air  is  not  excluded;  upon  a  longer  heating  steel 
becomes  burnt,  and  consequently  brittle  and  coarse-grained. 
Steel  heated  too  strongly  acquires  a  ciystalline  texture  and 
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crumbles  under  blows  of  the  hammer.  Lighter  blows  must 
be  used  when  hammering  steel  than  when  treating  wrought- 
iron.  Cement  steel  of  inferior  quality  loses  its  carbon 
more  easily  than  natural  and  cast-steel.  The  weldability  of 
steel  decreases  with  its  proportion  of  carbon,  whilst  its  hard- 
ness increases.  Cement  steel  welds  easily,  notwithstanding 
its  proportionally  large  amount  of  carbon,  probably  because 
the  carbon  is  not  uniformly  distributed  and  not  in  intimate 
combination,  and  part  of  it  bums  out  upon  heating ;  cast-steel 
produced  from  cemented  steel  contains  its  whole  amount  of 
carbon  in  more  intimate  combination,  and  can  only  be  welded 
with  difficulty ;  this  cast-steel  is  sometimes  employed  for 
the  produiflion  of  very  hard  unweldable  cast-steel  approaching 
cellular  pig-iron  (vol.  ii.,  page  561),  by  melting  the  steel 
with  an  addition  of  white  pig-iron  and  coal.  This  steel  is 
then  forged  at  a  temperature  below  the  welding  heat. 

Upon  heating  steel  above  the  welding  temperature  it 
commences  to  melt,  and  its  fusibility  increases  with  the 
amount  of  carbon  present ;  Plattner  and  Scheerer  consider 
the  fusing  point  of  steel  to  be  between  1700°  and  1900°,  on 
an  average  1850°  C.  Tunner  ascertained  the  fusing  point  of 
the  radiated  white  pig-iron  to  be  1600°,  that  of  the  pure 
grey  charcoal  pig-iron  1700°,  of  hard  steel  1850°,  and  of  hard 
wrought-iron  2000°  C.  Pouillet  has  observed  lower  fusing 
points  (vol.  ii.,  page  527),  namely  1050°,  of  easily  fusible  white 
pig-iron,  1100°  of  white  pig-iron  difficult  to  fuse,  1100°  of 
grey  pig-iron  at  the  first  melting,  and  1200°  when  re-melted, 
1250°  of  spiegeleisen  and  steel-like  pig-iron,  1300°  or  1400° 
of  steel,  and  1600°  of  wrought-iron,  but  these  observations 
require  further  confirmation. 

Constitution  of  Steel. 
The  chemical  constitution  of  steel  and  the  true  conditions 
of  its  formation  are  not  at  present  sufficiently  explained,  and 
contradictory  views  are  still  entertained  on  this  subjeft  ; 
further  scientific  investigations  are  required  to  enable  the 
pra^ical  metallurgist  to  thoroughly  control  the  process  and 
to  elucidate  many  observations  which  are  at  present  em- 
pirical. 
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Ever  since  the  Swedish  chemist,  Bergmann,  in  the  second 
half  of  last  century  called  attention  to  the  part  which  carbon 
plays  at  the  formation  of  different  kinds  of  iron,  steel  has 
been  considered  as  a  combination  of  iron  with,  in  certain 
limits,  a  variable  proportion  of  carbon,  which  proportion, 
and  its  more  or  less  uniform  distribution,  influences  the 
quality  of  the  steel ;  this  view  is  still  very  frequently  enter- 
tained. 

Accepting  this  view,  Gurlt*  considers  steel  as  a  combina- 
tion of  FegC+Fe  ;  Tunnert  as  a  combination  of  Fe,C  +  Fe; 
Lohaget  as  certain  combinations  of  carbon  (Fe,jC,  Fe„C, 
FcjbC),  consisting  of  tetrahedral  molecules  which  admit  of 
hardening,  in  opposition  to  compounds  forming  oflahedral 
molecules  which  cannot  be  hardened. 

MayrhoferU  has  suggested  the  following  chemical  fornauls 
for  different  kinds  of  steel : — 

Hard  natural  and  cast-steel     .     . 

Cast-  and  shear-steel,  not  fit  for 
springs  and  wire  owing  to  its 
brittleness 


Foramlfc 

Fe. 

c. 

Fe,C 

98-16 

1-84 

fFe,C 

98-+2 

.-58 

Fe,C 

98-61 

1-39 

Fe,C 

98-77 

1-23 

.F=„C 

9889 

I-II 

rFe„C 

98-99 

l-oi 

Fe„C 

99-06 

0-94 

Fe„C 

99-14 

0-86 

Fe,,C 

99-20 

0-80 

Fe„C 

99-25 

0-75 

Fc„C 

99-30 

0-70 

Fe„C 

99-34 

0-66 

Fc„C 

99-38 

0-62 

Cast-  and  shear-steel,  elastic  and 
fit  for  springs  and  wire     .     .     . 


Softpuddledsteel,fine-grainedir 
Compounds  below  FeuC  can  no  longer  be  hardened,  and  pass 
into  wrought-iron.  According  to  Mayrhofer,  welded  Brescia 
steel  of  the  composition  Fe,gC  is  more  elastic  than  English 
cast-steel  of  the  composition  Fe„C ;  some  English  steel  for 
clock  spriogs  has  the  composition  of  FcnC  or  Fe^C,  and 
some  of  this  steel  that  from  Fe,jC  to  Fe„C. 

*  B.  a.  b.  Ztg.,  iSfio,  p.  501.    Berggeist,  1S60,  No.  tg. 
t  Leob.,  Jabrb.,  iSCi,  x.,  480. 

t  Zduchrift  d«8  Vereing  deutacher  Ingenienre,  1857,  p.  268. '  B,  u.  b.  Ztg., 
p.  +a.    BerggeJ«t,  1858,  p.  14, 
H  Lbob.,  Jahrb.,  1861,  x.,  437. 
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A  great  number  of  chemical  analyses  have  proved  that 
some  kinds  of  steel  of  great  repute  consist  of  iron  and  carbon 
only.  Schaf  hautl  was  the  first  who  combated  this  view, 
asserting  that  silicon  as  well  as  carbon  formed  an  integral 
component  of  steel,  and  he  attempted  to  prove  his  theory 
by  chemical  analyses ;  on  the  other  band,  other  chemists 
have  found  in  many  good  varieties  of  steel  only  traces  of 
silicon.  It  is  also  still  problematical  whether  the  small 
additions  of  platinum,  nickel,  silver,  chromium,  &c.,  which 
by  analysis  are  scarcely  traceable,  exert  that  good  influence 
attributed  to  them  upon  the  sorts  of  steel  known  by  the 
names  of  platinum-steel,  silver-steel,  &c.,  or  whether  the 
good  quality  of  the  steel  is  due  only  to  suitable  treatment. 
Mayrhofer*  and  others  suppose  that  these  substances  com- 
bine with  injurious  admixtures  in  the  steel  (sulphur, 
silicon,  &c.),  and  then  separate,  thus  exerting  their  favour- 
able influence.  Of  manganese,  at  least,  such  a  readtion  is 
known,  whilst  tungsten  and  titanium  enter  the  steel  in 
combination,  improving  its  quality.  Fremyf  suggests  that 
tungsten  and  titanium  retain  nitrogen,  thus  facilitating  the 
formation  of  steel. 

The  views  on  the  integral  components  of  good  steel  have 
become  still  more  confused  since  MalbergI  attempted  to 
prove  by  experiments  on  the  regeneration  of  burnt  steel 
(page  19)  that  carbon  did  not  form  an  essential  component 
of  steel,  and  that  the  original  good  qualities  of  burnt  steel 
could  be  reconstituted  apparently  without  the  introdudtion 
of  carbon.  Fuchs||  seemed  to  be  of  the  same  opinion,  and 
he  considered  the  different  crystallisation  as  the  essential 
difference  between  steel,  wrought-iron,  and  cast-iron.  He 
considered  wrought-iron  as  an  aggregation  of  cubic  crystals, 
cast-iron  as  an  aggregation  of  rhombohedral  crystals,  and 
steel  as  standing  between  the  two ;  on  hardening  the  steel, 
the  cubes  were  transformed  into  rhombohedrons,  and  on 
slowly  cooling  the  reverse  took  place. 

*  0««tcrr.  Ztschr.,  iSSi,  p.  374.      Lbob.,  Jahtb.,  1S61,  x.,  335. 

f  B.  n.  b.  Ztg.,  1S61,  p.  415. 

i  DiNQL.,  Bd.  138,  p.  4s8.    Bwkfd.,  xvi..  No.  45. 

II  DiHOL.,  Bd.  138,  p-  309;  i860,  [>[>.  43i  134- 
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Fremy*  has  also  lately  asserted  that  the  fonnation  of 
steel  did  not  require  carbon  only,  but  that  carbon  could  be 
replaced  by  substances  such  as  nitrogen,  sulphur,  phos- 
phonis,  silicon,  boron,  arsenic,  &c. ;  the  same  opinion  had 
already  been  expressed  by  Chevreult  in  1829. 

As  early  as  1822  Faraday  determined  the  presence  of  a 
certain  amount  of  nitrogen  in  pig-iron  and  steel,  which  was 
aiterwards*  confirmed  by  Despretz,  Schafhautl,  Marchand, 
Liebig,  Boussingault,  Bonis,  and  others,  and  particularly 
Liebig,  who  suggested  that  nitrogen  was  an  important  agent 
in  the  formation  of  steel.  It  was  previously  known  that 
iron  would  combine  with  nitrogen ;  Rogstadius^  produced 
combinations  of  Fe^N  and  Pe^N. 

According  to  Binks,  Sanderson  a  few  years  ago  experi- 
mentally proved  that  iron  could  be  transformed  into  steel 
only  by  the  joint  reaction  of  nitrogen  and  carbon,  but  not 
by  one  of  these  substances  separately ;  however  it  has  been 
long  known  that  soft  iron  can  be  converted  into  steel  by 
curburetted  hydrogen  gas  alone  (Macintosh's  method). 

Whilst  Fremy  maintains  that  nitrogen  enters  into  com- 
bination with  steel,  Caronji  denies  that  it  does,  and  asserts 
that  nitrogen  facilitates  the  formation  of  steel  indiredtly  by 
inducing  the  formation  of  cyanogen,  which,  as  has  long  been 
known,  has  a  strong  carbonising  a(5lion,  either  by  giving 
carbon  diretfl  to  the  iron,  or  by  forming  cyanide  of  iron, 
which  is  then  transformed  into  carbide  of  iron  and  nitrogen. 
The  liberated  nitrogen  is  always  capable  of  forming  cyanogen 
again.  The  latter  view  is  the  most  probable,  and  explains 
in  a  natural  way  the  chief  cause  of  the  formation  of  cement 
or  blister-steel,  as  the  carbonising  a<5tion  of  carbonic  oxide 
gas,  observed  by  Le  Play,  Laurent,  and  Stammer,  is  far 
weaker.  The  carbon  of  the  cement  powder  combines  with 
the  nitrogen  of  the  atmosphere  Included  in  the  powder  or 
otherwise  admitted,  at  the  melting  heat  of  copper  (1000°  or 

*  DiNOL.,  Bd.  158,  p.  aog ;  1860,  pp.  43, 124.  Polyt.  Centr.,  1861,  pp.  796, 
9J5.9M- 
f  DuKSL.,  Bd.  160,  p.  130. 

J  Ejeph.,  Joaro.  t  pr.  Chem.,  Bd.  86,  pp.  31,  307. 
t  lUd.,  ii.,  333-    Kakst.,  Arcb.,  i  R.,  viv.,  446.    Dinol.,  Bd.  160,  p.  iij. 
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1170°  C),  forming  cyanogen,  which  combines  with  the 
alkalies  present  in  the  charcoal  powder;  this  compound 
volatilises,  and  next  has  a  carbonising  ai5tion  on  the  surface 
of  theiron.  The  formed  stratum  of  carbide  of  iron  is  porous, 
enabling  the  gaseous  carbonising  agent  to  attack  the  interior 
of  the  iron. 

The  fonnation  of  blister  steel  is  otherwise  explained 
thus  : — The  coal  powder  combines  with  the  included  air, 
and  forms  carbonic  oxide  gas,  which  carbonises  the  surface 
of  the  iron  and  renders  it  porous ;  the  carbonic  oxide  then 
permeates  the  porous  layer  of  iron  and  gradually  carbonises 
the  whole  mass. 

Caron*  recommends  a  cementing  powder  formed  of  an 
admixture  of  three  parts  carbon  and  one  part  carbonate  of 
baryta;  a  higher  temperature  is  then  required  to  form 
cyanide  of  barium,  which  is  less  volatile  than  alkaline 
cyanides,  and  accelerates  the  cementation  (from  3  or  4  hours 
to  ^  an  hour)  and  it  is  also  effeiftive  for  a  very  long  time,  so 
that  the  loss  of  coal  need  only  be  replaced  from  time  to 
time.  For  steeling  the  surface  of  iron,  an  admixture  of 
lighting  gas  and  ammonia  is  found  very  good ;  this  mixture 
also  forms  cyanogen,  and  it  is  likely  that  the  carbonic  oxide 
and  lighting  gas  employed  for  carbonisation  contained  some 
ammonia. 

Gmner.t  Rammelsberg  (vol.  ii.,  page  310),  Baker,  and 
Stuart  have  also  lately  denied  the  existence  of  nitrogen  in 
steel. 

On  comparing  the  different  views  and  fadls  ascertained 
respeifting  the  constitution  of  steel,  Zander^  arrives  at  the 
conclusion  that  probably  steel  consists  of  very  complicated 
combinations  which  are  not  yet  sufGciently  investigated ;  or 
that  it  may  be  considered,  in  a  general  sense,  as  a  mixture  of 
chemical  combinations  of  iron  and  its  ele<£tropositive  repre- 
sentatives (manganese,  chromium,  nickel,  tungsten,  alu- 
minium, &c.)  with  metalloids  (carbon,  silicon,  and  boron,  or 


*  DiNoi..,  Bd.  160,  p.  314.     B.  D.  h.  Ztg.,  iSOa,  p.  iiS.     Leob.,  Jahrb., 
1B63.  xii.,  65, 

t  DiHOL.,  Bd.  160,  p.  3IJ. 
J  PreniB.  Ztschr.,  xu,  370. 
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phosphorus,  antimony,  arsenic,  and  nitrogen  or  sulphur), 
amongst  which  carbon  would  take  the  most  prominent  place. 
The  properties  of  steel  are  modified  according  to  the 
presence  of  one  or  the  other  of  these  substances  ;  some  of 
them  are  injurious,  whilst  others  exert  a  favourable  influence, 
and  they  chiefly  induce  certain  properties — hardness,  for 
instance — sometimes  at  the  cost  of  other  properties,  such  as 
weldability,  elasticity,  and  tenacity.  On  these  substances 
also  dependsthedegreeoftemperature  required  by  the  differ- 
ent kinds  of  steel  to  bring  them  to  their  maximum  of 
hardness  and  to  allow  the  most  easy  treatment.  Which  of 
the  properties  in  the  steel  is  induced  by  one  or  the  other  of 
the  named  substances  is  not  yet  known,  and  the  chief  aim  in 
theproduAion  of  steel  in  general,  is  always  to  impart  a  certain 
amount  of  carbon  without  taking  the  influence  of  the  other 
substances  much  into  consideration.  The  properties  of  steel 
areinfluenced,not  only  by  the  the  chemical  agents,  but  also  by 
some  physical  conditions;  the  greater  tenacity  of  steel,  for 
instance,  in  comparison  with  the  strength  of  wrought-iron,  is 
aconsequence  of  the  smaller  tendencyto  crystallisation,  and, 
besides,  is  due  to  the  great  density  produced  by  mechanical 
treatment,  and  to  a  greater  uniformity,  which  is  obtained  by 
melting  the  steel  for  instance. 

The  Theory  of  Hardening  Steel. 

Different  investigators  have  also  taken  different  views  on 
this  theory. 

Hausmann*  suggests  that  on  suddenly  cooling  the  heated 
steel  its  molecules  change  their  arrangement ;  the  steel  ex- 
panded by  higher  temperature  cannot  on  suddenly  cooling 
contrail  as  quickly  as  it  loses  temperature,  and  conse- 
quently its  volume  remains  larger  whilst  its  specific  gravity 
is  lowered,  and  the  artificial  extension  of  the  molecules 
causes  a  tension  of  the  same  which  shows  itself  by  consider- 
able hardness.  On  heating  the  hardened  steel  the  artificial 
expansion  is  relaxed  and  the  hardness  disappears.     The 

*  Hausmann,  MolekDlarbewegungcD,  1S56,  p.  48.     - 
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modification  which  the  texture  of  steel  undei^oes  depends 
on  the  difference  of  temperature  used  at  the  operation  of 
hardening,  and  also  od  the  original  quality  of  the  steel. 
Steel  loses  its  ciystalline  grain  more  completely  if  the  texture 
is  veiy  homogeneous  before  hardening.  This  is  the  reason 
why  cast-steel  undei^oes  a  greater  modification  than  all 
other  kinds  of  steel ;  on  properly  hardening  cast -steel  the 
grain  disappears  almost  entirely,  the  fracture  becomes  com- 
paift,  and  sometimes  slightly  conchoidal.  The  lustre  dis- 
appears the  more  if  the  steel  is  very  light  in  colour  and  its 
grain  very  fine. 

According  to  Tunner,*  hardened  steel  contains  the  carbon 
as  Fe^C,  which  is  distributed  in  the  mass  of  iron  in  the 
form  of  the  finest  crystals ;  on  heating  the  steel  the  graphite 
separates  more  and  more  in  fine  crystals,  which  are  not  dis- 
tin(5lly  visible,  but  are  only  shown  by  the  darker  colour  of 
the  fradlure.  Analysis  frequently  shows  the  presence  of 
graphite  in  steel. 

Jullient  supposes  that  hardened  steel  contains  crystalline 
carbon,  which,  on  heating  the  steel,  is  transferred  into  amor- 
phous carbon. 

A  similar  view  is  taken  by  Hezner;^  the  re^angular 
wrought-iron  on  cementing  becomes  softened  and  combines 
with  carbon  in  the  form  of  graphite,  and  this  graphite  induces 
a  tendency  to  crystallise  in  the  rhombohedral  form.  The  co- 
hesion of  the  rectangular  form  is  thus  partially  overcome, 
and  the  steel  becomes  a  combination  of  both  crystalline 
systems,  as  Fuchs  (page  22)  has  already  observed.  The 
redlangular  crystalline  system  prevails  in  unhardened  steel, 
and  the  rhombohedral  system  in  the  hardened  steel,  and 
the  steel  approaches  nearer  the  rhombohedral  spiegeleisea 
the  greater  its  hardness.  The  specific  gravity  of  rhombo- 
hedral iron  is  lower  than  that  of  re<5tangular  iron,  which 
explains  the  lower  specific  gravity  of  hardened  steel,  and  also 
the  softening  of  steel  on  heating,  as  the  redlangular  system 

*  Lkob.,  Jahrb.,  1861,  z.,  4S0. 

t  Bullet,  de  la  Soci£t£  de  I'indnitrie  Minfrale,  i.,  566 ;  ii.,  «n,  644. 

j  B.  u.  h.  Ztg.,  iBfia,  p.  140. 
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is  induced  by  a  higher  temperature.  Both  kinds  of  iron  are 
present  in  the  steel  in  a  state  of  tension,  and  have  a  different 
degree  of  solubility  in  acids. 

Deville*  has  started  the  following  theory.  Iron  and  carboa 
combine  at  a  high  temperature,  and  on  slowly  cooling  each 
of  these  substances  ciystaltises  by  itself;  the  carbon  in  the 
form  of  graphite  which  may  be  separated  by  means  of  acids. 
On  hardening,  the  carbon  assumes  the  amorphous  state  and 
a  less  compaA  steel  results, which  maybe  entirely  dissolved 
in  acids.  On  re-tieating  the  hardened  steel  crystalline  car- 
bon is  formed  again  (following  the  behaviour  of  glass  on 
devitrification,  or  that  of  the  quickly  cooled  amorphous 
sulphur,  which  upon  heating  to  somewhat  below  100°  C. 
becomes  again  octahedral). 

Caront  supposes  that  on  hardening  steel,  iron  and  carbon 
will  combine  more  intimately,  as  hardened  steel  when  dissolved 
in  acids  yields  less  graphitic  residue  than  soft  steal.  The 
same  behaviour  in  a  smaller  and  limited  degree  is  induced 
by  hammering  the  steel,  but  less  by  rolling. 

Kerl  considers  it  probable  that  when  steel  is  hardened  this 
chemical  rea<5tion  takes  place,  and  also  at  the  same  time  the 
physical  reaAion  suggested  by  Hausmann. 

Inflaence  of  Foreign  Admixtures  on  the  Properties 
of  Steel. 

We  have  before  observed  that  the  influence  of  the  foreign 
substances  upon  steel  is  in  many  cases  unfavourable, 
chiefly  by  impairing  its  tenacity  and  elasticity ;  this 
influence  is  exerted  by  sulphur,  phosphorus,  silicon,  copper, 
&c.;  other  substances  have  a  favourable  influence,  but 
it  is  still  doubtful  whether  they  always  enter  into  com- 
bination with  the  steel  or  merely  have  a  purifying  effeifl  by 
combining  with  the  injurious  substances  present  and  thus 
separating  them;  this  is  also  the  case  with  pig-iron  (vol,  ii., 
page  375). 

*  DiNoi..,  Bd.  16S,  p.  174. 
t  Ibid.,  fid.  168,  p.  36. 
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Oxygen  and  Water  adt  less  upon  steel  than  upoa  wrought- 
iron  and  grey  pig-iron,  and  Acids  dissolve  steel  more  or  less 
easily  according  to  whether  it  is  hardened  or  soft. 

Carbon*  when  in  contadl  with  steel  at  a  high  temperature 
transforms  it  into  agranular,  friable  produft  like  pig-iron.  The 
proportion  of  carbon  in  the  steel  essentially  determines  its 
chief  properties ;  the  hardness  of  the  steel  increases  with 
the  amount  of  carbon  (page  13),  whilst  its  infusibility 
(page  19)  and  weldability  decrease.  Dedudtions  from 
Mayrhofer's  formulae  show  that  the  softest  steel  contains 
about  o'75  per  cent  of  carbon,  and  the  hardest  above  i'8  per 
cent,  which  is  then  almost  unweldable ;  the  best  quality  of 
steel  contains  l'4  or  i'5  per  cent  of  carbon. 

The  following  analyses  show  the  amount  of  carbon  in 
different  kinds  of  steel : — 

a.  Analyses  of  Natural  and^Puddled  Steel. 

I.         II  III. 

C  (chemically  combined))       ,  „  „ 

C(mechanicillymixed)|  '^98    '570    1-380 

Si 0*0383  0*020     0-0065 

Mn —        —       0*012 

Al —       0"0I2       — 

Cu 0*3789     —         — 

S trace      —         — 

P —        —       trace 

No.  I.  Natural  steel  (Edelstahl)  from  Siegen,  by  Karsten. 
No.  2.  Natural  steel  from  the  Sollinger  Steel  Works.byLam- 
padius.  No.  3.  Puddled  steel  from  KonigshUtte  in  the 
Hart2,  by  Brauns. 

b.  Analyses  of  Cement  Steel, 

I.  II. 

C  (chemically  combined)     .    .    0*416  li-s? 

C  (mechanically  admixed)   .     .    o'oSo  |      ' 

Si —  O'lo 

No.  I  is  soft  cement  steel  from  Etberfeld,  analysed  by 
Bromeis.  No.  2.  English  blistered  steel,  analysed  by 
Berthier. 

*  Karst.,  Aich.,  1  R.,  XXV.,  318. 
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c.  Analyses  of  Cast-Steel. 

I.  II.  III.  IV.        V. 

C  (chemically  combined)    o'o-;    I         „      )  , 

C(niechanicilyadmixed)o-22    ^'758      Ii'577  0-650-94 

Si —         —  —  0-04  o-o8 

Mn -         —  —  ?        ? 


P  . 


0*07  0*1 1 


VI.  VII.  VIII.  IX.       X. 

C 1-089    0775      »"5o      i-i8  1-275 

Si —         —        o-6o      0-33  0-213 

Mn 0-070     trace      —        trace  0-024 

Ni 0*070      0-210         —  0"I2      — 

Co —  trace  ■ —  —      — 

Wo o-ioo  trace  —  —      — 

Cu —  —  —  0-30  o-o66 

P —  —  —  0'02     — 

As —  —  —  —    0-007 

No.  I  is  best  English  steel  from  Sheffield,  analysed  by 
Bromeis.  No.  2.  English  cast-steel,  analysed  by  Karsten. 
No.  3.  The  same,  being  refined  by  welding  and  hammering, 
analysed  by  Karsten.  No.  4.  The  best  French  cast-steel. 
No.  5.  French  cast-steel  of  second  quality.  No.  6.  Forged 
Oriental  Damascus  steel.  No.  7.  Old  gilded  sword  blade 
of  Damascus.  No.  8.  Wootz  steel.  No.  9.  Krupp's  cast- 
steel  from  a  cannon  which  burst  at  the  Srst  round.  No.  10. 
English  cast-steel,  analysed  by  Schafhautl.* 

According  to  these  and  other  analyses,  natural  steel  con- 
tains from  o"985l  to  2-44  per  cent  of  carbon,  partly  as 
graphite  and  partly  in  chemical  combination.  Cement  steel 
contains  from  0-496  to  i"87  percent;  cast-steel  from  o"86  to 
i'94  per  cent  (cast-steel  with  the  higher  amount  of  carbon 
is  not  weldable)  i  malleable  cast-iron  contains  from  0-88  to 
1-52  per  cent ;  and  Tunner's  steel,  produced  at  a  full  red  heat, 
contains  from  o'86  to  1-20  per  cent  of  carbon. 

E^ertzt  has  suggested  a  colorimetnc  method  for  the  deter- 
mination of  carbon.which  in  Sweden  issuccessfully  employed  in 
connexion  with  the  Bessemerprocess.Thedetennined  amount 

*  Erdu.,  Journ.  f.  pr.  Ch.,  1859.,  Bd.  76,  p.  294- 

t   B.  a.  b.  Zlg.,  1863,  p.  374.     DiHCL.,  Bd.  14S,  p.  431. 
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of  carbon  expressed  in  tenths  indicates  the  degree  of  hard- 
ness of  the  Bessemer  steel  or  iron,  and  is  marked  on  the 
drawn-out  produfts.  The  lowest  proportion  of  carbon  of 
Bessemer  iron  determined  in  Sweden  amounted  to  0*08  per 
cent ;  if  containing  o"5  per  cent,  the  iron  is  capable  of  hard- 
ening a.nd  approaches  steel,  whilst  the  hardest  kinds  of  steel 
used  for  common  purposes  seldom  contain  more  than  i'5  per 
cent.  The  fine  cellular  pig-iron  which  is  used  for  wire  drawing 
plates  (vol.  ii.,  page  875}  contains  up  to  3-3  per  cent.  Damascus 
steel  from  Zlabtoust  contained  1*25  per  cent  of  carbon  and 
o'68  per  cent  of  graphite. 

Sulphur.* — Owing  probably  to  its  higher  state  of  carbon- 
isation, steel  is  somewhat  less  sensitive  to  the  effe<5t  of  sul- 
phur than  wrought-iron  ;  however,  a  certain  amount  of 
sulphur  renders  steel  red-short  and  also  weldable  at  a  lower 
temperature.  The  most  simple  method  is  Eggertz's  plant 
for  the  determination  of  the  proportion  of  sulphur  in  steel  by 
means  of  a  silver  plate.  By  this  method  it  was  ascertained 
that  the  kinds  of  steel  of  highest  repute  contained  from  none 
up  to  0'0i2  per  cent  of  sulphur. 

As  in  wrought-iron  (vol.  ii.,  page  691),  the  proportion  of 
sulphur  is  frequently  unequally  distributed  in  the  different 
parts  of  a  steel  bar;  and  this  seems  to  he  the  case  even  in 
cast-steel,  although  in  less  degree. 

Caron'st  investigations  also  show  that  the  presence  of  man- 
ganese facilitates  the  separation  of  sulphur  in  the  processes 
for  producing  steel. 

Phosphorus. — Phosphorus,  like  sulphur,  facilitates  the 
welding  of  steel,  and  is  rarely  contained  in  steel  in  such 
quantity  as  to  render  it  cold<short,  for  the  reason  that  phos- 
phoric ores  were  not  employed  until  the  introdutflion  of 
Heaton's  patent  process.  The  first  experiments  with  this 
new  process. are  encouraging. 

Concerning  the  infiuence  of  sulphur  and  phosphorus  on 
steel,  Mr.  Bessemer  states  in  a  paper  read  before  the 
Institution  of  Civil  Engineers,  that  upon  carefully  analysing 

*  Karbt.,  Acch.,  a  R.,  ix.,  465  ;  x.,  794. 
t  B.  u.  h.  Ztg.,  t86i,  p.  95. 
X  DiNOL.,  Bd.  168,  p.  380. 
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different  samples  of  steel,  it  was  ascertained  that,  red- 
shortness  was  always  produced  by  sulphur  when  present  to 
the  extent  of  0*1  per  cent,  and  that  cold-shortness  was  the 
result  of  the  presence  of  the  same  quantity  of  phosphorus. 

According  to  JuUien,  phosphorus  expels  carbon  at  a 
high  temperature,  and  deprives  the  hardened  steel  of  all 
tenacity.  Caron*  states  that  manganese  does  not  assist  the 
separation  of  phosphorus  from  steel.  Eggertzf  determined 
by  his  method  of  analysis  from  o'oi  to  0*02  per  cent  of  phos- 
phorus, contained  in  the  best  kinds  of  steel.  This  amount 
of  phosphorus,  probably  originates  from  the  ash  of  the  fuel, 
which,  according  to  Caron,t  may  contain  from  o*o8  to  o"io 
of  phosphoric  acid,  depending  on  the  kind  of  wood  and  the 
part  of  the  tree  from  which  the  wood  is  taken. 

Silicon. — The  most  varied  views  are  taken  by  different 
investigators  concerning  the  influence  of  silicon  on  steel. 
SchafhautI  maintains  that  a  certain  amount  of  silicon  is  re- 
quired to  enable  the  steel  to  be  susceptible  of  hardening ; 
most  other  investigators  contend  that  silicon  may  partly 
replace  the  carbon,  but  then  it  always  impairs  the  tenacity 
of  the  steel.  The  best  kinds  of  steel  frequently  contain  only 
traces  of  silicon.  Karsten  states  that  so  small  an  amount 
of  silicon  as  0*05  per  cent  modiGes  the  tenacity  of  the  iron, 
and  more  so  than  an  equal  amount  of  sulphur  and  phos- 
phorus. 

Jullien  states  that  silicon  decreases  the  tenacity  of  the 
steel  when  cold,  renders  it  softer  and  more  difficult  to  weld 
at  a  higher  temperature,  and  if  contained  in  cast-steel,  causes 
a  considerable  contraction  on  cooling,  and  it  also  corrodes 
the  moulds.  In  the  common  sorts  of  steel  for  axles, 
wheels,  boiler  plates,  &c.,  a  small  amount  of  silicon  may  be 
allowed,  particularly  if  the  steel  is  but  little  hardened.  On 
the  other  hand,  harder  steel  for  tools  is  made  brittle  by  a 
small  amount  of  silicon. 

Caron  recommends  the  addition  of  manganese  to  the  raw 
material  as  the  best  means  of  removing  the  silicon. 

'  DiKOL.,  Bd.  168,  p.  3S0. 
t  B.  V.  h.  Ztg.,  iSeo,  p.  413. 
X  DiHoi,.,  Bd.  169,  p.  349. 
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Manganese. — The  influence  of  manganese  in  the  produc- 
tioQ  of  steel  is  indireA  but  most  favourable.  It  facilitates 
the  formation  of  steel,  and  purifies  it,  although  only  a  little 
enters  the  steel  in  combination.  Caron  states  that  a  larger 
amount  of  manganese  renders  steel  brittlt  and  hard,  and  of 
crystalline  fradture,  whilst  a  small  proportion  (about  0*005) 
seems  to  have  a  favourable  influence,  transforming  the  gra- 
phite into  combined  carbon,  thus  rendering  the  hard  steel 
more  tenacious  and  weldable.  (In  Mayr's  steel  works  at 
Leoben  a  very  hard  and  tenacious  manganese  steel  is  pro- 
duced for  the  manufaiflure  of  cutting  tools).  The  chief  reac- 
tion of  manganese,  however,  is  to  combine  with  silicon  and 
sulphur,  and  to  separate  in  this  combination ;  this  is  the  adtion 
it  exerts  in  pig-iron  (vol.  ii,,  pages  275  and  302).  For  this 
reason  additions  of  brown  stone,  manganiferous  spiegeleisen, 
carbide  of  manganese,  ferro-manganese,  &c.,  are  made  chiefly 
at  the  produftion  of  cast-steel.  The  manganese  in  pig-iron 
also  facilitates  the  formation  of  steel,  for  the  reason  that  at 
the  operation  of  conversion  it  separates  sooner  than  the 
carbon  (vol.  ii.,  page  836),  thus  prolonging  the  process,  and 
helping  to  show  the  time  when  steel  with  the  required  amount 
of  carbon  is  formed.  Raw  manganiferous  pig-iron  is  there- 
fore preferred  to  reflned  metal,  which  loses  the  greater  part 
of  its  manganese.  Furthermore,  at  the  steel  process  man- 
ganese produces  a  thinly  liquid  slag,  which  covers  the  metal 
and  prevents  oxidation  by  the  atmospheric  air ;  oxide  of  man- 
ganese is  also  difficult  to  reduce,  and  has  not  an  oxidising 
reaction ;  the  thinly  liquid  slag  can  easily  be  pressed  out, 
consequently  the  steel  becomes  stronger  and  more  compaift. 
The  manganese  contained  in  the  pig-iron  readls  more  favour- 
ably than  an  addition  of  peroxide  of  manganese,  at  the  pud- 
dling process  for  instance,as  the  peroxide  necessarily  becomes 
transformed  into  oxide  and  oxidises  carbon.  The  produdlion 
of  pig-iron  rich  in  manganese  has  been  described  in  vol.  ii., 
page  403.  A  large  amount  of  manganese  is  a  proof  of  the 
purity  of  the  pig-iron. 

Schafhautl  has  explained  the  reaction  of  manganese  in 
the  produAion  of  steel  in  a  different  manner  (vol.  ii., 
page  300). 
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tfnshet  emplojrs  manganese  in  combination  with  tungsten. 
Copper  is  the  principal  enemy  of  steel,  rendering  it  red- 
short  ;  therefore  in  Sweden,  &c.,  ores  containing  copper 
pjntes  are  excluded  as  far  as  possible  in  the  produ(5lion  of 
iron  for  cement  steel.  Eggertz  has  suggested  a  pra(5lical 
method  for  the  determination  of  a  small  amount  of  copper  in 
steel.  His  investigations  showed  that  wrought-iron  con- 
taining D'5  per  cent  of  copper  was  only  slightly  red-short, 
whilst  steel  produced  from  such  iron  was  so  inferior  as  to  be 
useless.  Eggertz  found  in  Dannemora  iron  0*03  per  cent  of 
copper,  and  in  some  kinds  of  foreign  steel  about  0*2  per  cent. 
Arsenic,  'when  present  in  steel  in  small  quantities,  is 
stated  by  Schaihautl  to  induce  greater  tenacity  and  finer 
grain  ;  larger  proportions  of  arsenic  render  steel  red-short. 

Tungsten. — It  was  long  known  that  the  celebrated  Damas- 
cus sword  blades  contained  tungsten  (0*05  to  o'z  per  cent), 
and  De  Luynes*  employed  an  addition  of  tungsten  for  the 
piodu£tion  of  artificial  damasked  steel. 

In  1855,  Jacobt  first  produced  tungsten  steel  experi- 
mentally on  a  large  scale.  The  steel  showed  an  exceedingly 
fine,  conchoidal,  silk-like  fraAure ;  it  combined  great  hard- 
ness and  density,  and  was  superior  in  tenacity  and  welda- 
bility  to  all  other  steel.  Next,  tungsten  steel  was  produced 
on  a  large  scale  at  Leoben,];  and  in  dilTerent  steel  works  of 
Germany,  II  England,^  and  France. 

A  patent  has  been  obtained  for  the  manufacture  of  metallic 
tungsten  alloys  (including  tungsten  steel)  by  Mr.  R.  OxlandlT 
as  a  communication  from  Messrs.  Jacob  and  Koeller.  The 
steel  is  prepared  by  melting  with  cast-steel,  or  even  with 
iron  only  (at  the  puddling  process),**  either  metallic  tungsten, 
or  preferably,  what  has  been  termed  the  native  alloy  of 
tungsten,  in  the  proportion  of  a  to  5  per  cent.     The  native 

*  BgwkfiL,  ix.,  315. 
t  OeBlerr.  Ztachi.,  iSSj,  Ko.  47. 
{  Lbob.,  Jahrb.,  18G3,  xii.,  73. 
II  B.  a.  h.  Zig.,  1860,  p.  37. 
f  Ibid.,  iSOo,  p.  336. 

4  Use's  DiOioaaryof  Artsand  Hin«f,  vol.iii.,  gjg. 
**  B.  u.  h.  Ztg.,  1S61,  p.  438. 
VOL.  III.  P 
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alloy  13  obtained  by  exposing  to  strong  heat  in  a  chaTcoal- 
lined  crucible,  a  mixture  of  clean  powdered  wolfram  with  fine 
carbonaceous  matter ;  it  is  a  black,  steel  grey,  spongy  mass, 
resembling  metallic  tungsten.  The  composition  of  the  alloy 
is  shown  in  the  following  statement  of  the  composition  of 
wolfram : — 

Tangsb'c  Add.  Oiide  of  Iron.     Oxide  of  Mu)ga.oese. 

Tungsten  76'25     Iron      17*75  Manganese  6*oo  =    ioo"oo 
Oxygen      19*06    Oxygen  5*07  Oxygen        1*71  =      25'84 


Wolfram  is  sometimes  used  as  an  addition  to  the  ore 
mixture  for  the  produftion  of  pig-iron.* 

According  to  BemouilIi,t  when  an  intimate  admixture  of 
finely  divided  grey  cast-iron  and  tungstic  acid  is  heated 
to  a  very  high  temperature,  the  graphitic  carbon  is  burnt  by 
the  oxygen  of  the  tungstic  acid  and  steel  is  formed,  which 
alloys  with  the  reduced  tungsten.  No  diminution  in  the 
amount  of  carbon  was,  however,  perceptible  when  the  ex- 
periment was  repeated  with  spiegeleisen,  or  ordinary  cast- 
iron,  carbon  in  the  combined  form  being  apparently  unable 
to  effect  the  reduiftion  of  tungstic  acid. 

Siewertit  examined  eight  samples  of  so-called  tungsten 
steel ;  the  following  analyses  show  that  two  of  the  samples 
contained  no  tungsten  : — 

I.  II.  iir;  IV.  V.  VI.  VII.  vin. 
Iron  ...  —  —  95*85  —  g6'37  —  —  _ 
Tungsten  .  1-05  2*84  3*05  -—  271  —  4*75  O'g 
Manganese .  —  —  —  —  trace  —  —  — 
Carbon    .    .  —      —         —      1*04     —      1*03    -"      — 

No.  I  is  tungsten  steel  from  Vienna.  Nos.  2,  3,  4,  5, 
and  6  such  steel  from  Bochum.  No.  7,  hard  tungsten  steel 
from  Diihlen.    No.  8,  soft  tungsten  steel  from  Dohlen. 

It  is  frequently  maintained  that  the  tungsten  steel,  owing 
to  its  superior  qualities,  is  particularly  adapted  for  the 
manufacture  of  cutting  tools,  swords,  and  the  fine  machinery 


t  Baverumi's „  . .    ,, 

i  OiiBEL  ind  Hbintz,  ZeitKhrift  Ar  Qeummte  NatunriMcnKhaft,  xvi., 
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of  watches,  and  that  a  small  addition  of  it  would  improve 
the  inferior  kinds  of  steel. 

Appelbaam*foundthetungsten  steel  inferior  to  Huntsman's 
steel,  but  superior  to  common  English  cast-steel ;  it  could  also 
be  more  easily  welded  without  the  application  of  artificial 
fluxes,  and  on  hardening  required  a  higher  temperature  than 
the  English  cast -steel  before  cooling. 

Notwithstanding  its  reputed  qualities,  tungsten  steel  has 
not  been  generally  introduced,  probably  owing  to  the  high 
price  and  the  scarcity  of  wolfram.t  Perhaps  steel  was  sold 
as  tungsten  steel  which  did  not  contain  any  tungsten,  or  else 
its  reputed  qualities  are  somewhat  exaggerated. 

Titanium. — According  to  Mr.  Mushet,  titanium  adts 
upon  steel  in  the  same  way  as  tungsten,  when  titaniferous 
iron  ores  or  other  iron  ores  with  titaniferous  Suxes  are 
smelted  for  the  produdtion  of  grey  pig-iron  (not  white  pig 
as  in  this  case  the  most  titanium  will  enter  the  slag),  and 
the  grey  pig-iron  is  worked  into  natural  or  cement  steel. 

Mr.  Mushet  states  that  a  cement  steel  of  this  kind  pro- 
duced from  Taranaki  titaniferous  iron  sand  (vol.  ii.,  page 
327),  contained — 

Iron 98*66 

Carbon 0-87 

Titanium 0*32 

The  steel  is  said  not  to  rust-J 

Rileyfl  supposes  that  the  titanium  is  either  finely  dis- 
tributed in  the  steel  in  an  amorphous  state,  or  it  is  alloyed 
with  the  iron. 

Titanium,  at  the  production  of  steel,  seems  to  induce  the 
formation  of  cyanogen,  and  its  influence,  which  is  bene- 
ficial, is  perhaps  due  more  to  the  indire(5t  action  than  to  the 
aAual  presence  of  titanium  in  the  finished  produdl. 

More  recent  observations  show  that  titanium,  as  well  as 

•  B.  n.  h.  Zlg.,  1859,  p.  393. 

t  Wotfiain  chiefly  occurs  in  Cornwall,  at  Poy-Iea-Vignesnear  St.  Leonhwd 
la  tbe  depwimeiit  Hkate-VIenne,  in  Saxony,  Ac 
tB.tuh.  Ztg.,  1S64,  p.  14. 
I  Ibid.,  1664,  p.  II. 
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tungsten,  seems  to  enter  steel  in  larger  proportions  and  to 
improve  its  quality. 

Platinum,  Silver,  Nickel,  Iridium,  Rhodium,  Alu- 
minium,* &c.,  are  said  by  Schafhtiutl  and  others  to  enter 
steel  in  smaller  proportions  and  to  increase  its  hardness  and 
tenacity. 

Faraday  and  Stodart  found  that  platinum  alloyed  readily 
with  steel,  and  produced  a  very  tough  and  fine-grained  pro- 
du<5t  when  present  to  the  extent  of  i  per  cent.  Similar 
results  were  obtained  with  palladium,  rhodium,  and  osm- 
iridium.  As,  however,  these  metals  are  rare  and  high  in  price, 
it  is  not  probable  that  these  alloys  could  be  introduced  on  a 
praAical  scale  (page  22). 

Examination  of  Steel.t 

The  appearance  of  the  surface  and  of  the  fra«^ure  of  steel 
indicates  the  degree  of  uniformity,  the  degree  of  perfection  of 
the  welding,  the  softness  of  the  steel,  and  also  shows  whether 
the  steel  contains  intermixed  veins  of  iron  or  not ;  but  the 
appearance  is  no  guide  to  the  temperature  at  which  the 
steel  is  to  be  treated,  in  order  to  obtain  a  certain  degree  of 
hardness-and  the  greatest  possible  tenacity.  For  this  pur- 
pose the  steel  is  suitably  forged  out  into  a  properly  formed 
(dove-necked)  chisel  and  hardened ;  the  chisel  is  used  for 
cutting  grey  and  white  pig-iron  or  mill-stones,  and  observa- 
tions are  taken  of  the  manner  in  which  the  chisel  will  wear 
out,  whether  it  breaks  out  easily,  &c. 

Cement  steel  in  an  unhardened  state  is  frequently  sorted 
according  to  the  appearance  of  its  surface  and  fraifture ; 
natural  steel  is  often  sorted  in  the  same  manner  after  it  has 
been  drawn  out  to  thin  bars,  which  are  hardened  at  a  red 
heat  and  broken  into  pieces.  The  scale  of  the  steel  after 
hardening  is  sometimes  removed  by  rubbing  upon  wet 
wood. 

A  good  hard  bar  of  natural  steel,  when  suddenly  cooled, 

'  DiHOi,.,  Bd,  134,  p.  137.      Karst.,  Arch.,  i  R.,  viii,,  193. 
t  DiNOL.,  Bd.  77,  p.  ai3.    Bgwflul.,  iii.,  119 ;  ix.,  313.     Polyt.  Ccntr.,  184S, 
No.  13.     S*cht.  BergweilcsieitUDg,  1854,  p.  113. 
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gives  a  clear  sound,  whilst  fine  cracks  are  formed  across  the 
bar ;  the  bar  contraAs  uniformly  without  becoming  crooked, 
and  after  throwing  off  its  scale  shows  a  pure  fine  surface 
with  a  peculiar  blending  of  dullish  grey  with  dullish 
white. 

A  moderate  blow  will  break  the  bar,  and  its  frafture  shows 
B  conchoidal  appearance,  a  unifonn  grain  not  too  coarse  or 
too  bright,  and  the  tempering  colours  charai5teristng  the 
steel  appear  in  concentric  rings  {the  so-called  rase) ;  this  is 
never  seen  in  wrought-iron.  JuUien  supposes  that  these 
rings  are  caused  by  sulphur  contained  in  the  steel,  but  this 
is  not  likely  to  be  the  case.  The  tempering  colours  in  the 
form  of  concentric  rings  always  appear  in  fresh,  hard 
steel,  and  on  those  places  only  which  on  hardening  get  the 
above-mentioned  cross  cracks ;  and  as  those  colours  do  not 
appear  on  every  frafture  of  the  steel  bar,  their  absence  does 
not  always  indicate  the  softness  of  the  steel. 

At  the  produtflion  of  Brescian  steel,  the  formation  of  these 
tempering  colours  is  forcibly  induced  by  placing  the  thinly 
foiged  steel  bar,  after  the  first  hardening,  near  a  fire  and 
pouring  water  upon  it  from  time  to  time,  when  the  bar  will 
crack  in  many  places. 

A  steel  bar,  containing  intermixed  iron,  becomes  crooked 
on  hardening,  and  the  scale  adheres  faster  to  the  soft  places 
of  the  bar,  which  is  more  difficult  to  break,  showing  on  the 
fraAure  a  light,  bright,  and  coarse  grain,  sometimes  inter- 
mixed with  veins  of  iron. 

The  cbaraifleristics  of  red-shortness,  cold-shortoess,  &c., 
have  already  been  described  on  page  iS. 

Steel  is  sometimes  sorted  more  according  to  the  dimen- 
sions than  the  appearance  of  the  fraAure  (quality),  when  an 
inferior  product  will  be  obtained.  Saint  Edme  states  that 
the  way  to  distinguish  steel  from  iron  is  to  immerse  it  in 
common  nitric  acid  of  1*34  specific  gravity ;  iron  will  then 
evolve  gas  continually,  whilst  with  steel  the  evolution  of  gas 
ceases  suddenly  after  about  20  seconds. 

Cement-  and  cast-steel  will  be  described  later  in  the 
volume. 


,;  Google 


38 


X.    PRODUCTION  OP  STEEL  PROM  RAW  MATERIALS. 

On  page  i,  we  stated  that  the  raw  materials  for  the 
produdlion  of  steel  might  be  pig-iron,  wrought-iron,  and 
ores ;  the  resulting  produdl  frequently  requires  a  further  re- 
lining,  either  by  re-metting  or  welding,  and  a  subsequent 
mechanical  treatment  (hardening,  &c.),  as  a  further 
preparation  for  the  market. 

I.  Produiftion  of  Steel  from  Pig-iron. 

The  different  methods  are  classified  on  page  2. 
A.  Tunner's  Method  of  Producing  Steel  by  Raising  Pig- 
iron  to  a  Glowing  Heat  with  an  Admission  of  Atmo- 

apheric  Air. 

At  the  commencement  of  the  eighteenth  century*  it  was 
known  that  a  wrought-iron  or  steel-like  product  (malleable 
cast-iron)  could  be  produced  by  exposing  white  pig-iron  to  a 
glowing  heat  whilst  in  cental  with  substances  capable  of 
giving  up  oxygen  (vol.  ii.,  page  671).  In  1855,  Tunner'a 
experiments  proved  that  the  atmospheric  oxygen  reatiled 
almost  as  quickly  as  the  oxygen  combined  with  these  sub- 
stances, and  that  the  formation  of  iron  scale  at  the  opera- 
tion of  glowing  could  be  almost  prevented  by  a  properly 
regulated  admission  of  air.  This  admission  was  regulated 
by  means  of  quartz  sand,  and  sand  in  grains  of  different  size 
was  employed  in  different  parts. 

The  glowing  is  performed  in  a  furnace  which  is  at  other 
times  used  for  converting  wrought-iron  into  cement  steel ; 
the  quartz  sand  employed  allows  the  admission  of  air ;  100 
cwts.  of  white  pig-iron  in  the  form  of  bars  7  or  g  lines  thick 
are  heated  in  one  box  for  thirty-Eve  days,  when  J  of  the 
charge  results  as  steel  and  hard  iron,  and  ^  as  soft  iron. 
The  consumption  of  coal  amounts  to  about  lo  cwts. ;  this 
consumption  might  be  avoided  by  employing  waste  gases 
as  fuel.  The  produ<5l  of  the  process  is  very  hard  and 
tenacious  but  not  uniform,  and  is  better  suited  for  u^e  befom 
welding.    The  steel  is  well  fitted  for  tyres,  &c.     Its  compo- 

Leob.,  Jabrb,,  tSsy,  vii.,  99.  A.  BrQU,  ^tndesnr  la  fonte mallfaUe,  Paris et 
Liege,  1863. 
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sition  is  shown  by  analysis  a,  and  b  is  an  analj^is  of  the  pig- 
inm  Jrom  which  the  steel  was  produced. — 

a.  b. 

C 0855        334 

Si 0*256        I '01 

S —  — 

Mn 0*447         ~~ 

This  method  of  producing  steel  has  never  come  into 
general  use,  as  the  product  is  not  unifonn,  and  as  the  process 
is  inferior  to  other  steel  processes,  particularly  to  the  Besse- 
mer process,  and  is  also  veiy  lengthy. 


B.  Produ<ftion  of   Steel  by    the   Reat^ion  of  Oxygen 

&om  Atmospheric  Air,  or    other    Substances,  upon 

Liquid  Pig-iron. 

The  different  methods  include  the  produAion  of  steel  in 
fineries  and  puddling  furnaces,  the  Bessemer  process,  the 
Siemens-M  artin  process,  Heaton's  process,  and  the  methods 
of  Ucbatius  and  Obuchow,  which,  however,  are  seldom  used. 

Natural  and  Puddled  Steel. — As  a  larger  quantity  of 
oxidising  agents  (slags)  read  upon  the  pig-iron  in  the 
puddling  process,  and  as  also  the  atmospheric  air  cannot  be 
so  well  excluded  as  in  the  finery  process,  puddled  steel  is 
usually  poorerincarbon,and  consequently  softer,  than  natural 
steel. 

Puddled  steel,  when  repeatedly  heated  and  welded  to  render 
it  more  uniform,  is  also  inclined  to  lose  in  hardness,  owing 
to  the  larger  amount  of  intermixed  cinder,  which  causes  an 
oxidation  of  carbon,  though,  on  the  other  hand,  it  facilitates 
the  welding.*  If  the  production  of  hard  puddled  steel  is 
intended,  it  must  be  kept  richer  in  carbon  at  the  puddling 
process,  and  at  the  subsequent  treatment  at  higher  tempera- 
ture it  then  loses  so  much  of  its  carbon,  chiefly  by  the  inter- 
mixed slag,  that  it  attains  the  proper  hardness.  The  quality 
of  tbe  pig-iron,  and  the  mode  of  puddling,  are  chiefly  of 
essential  influence  upon  the  hardness  of  tbe  puddled  steel. 
It  has  beeo  also  attempted  to  produce  harder  puddled  steel 

*  Lbob.,  Jahib.,  1S53,  Hi.,  3S7. 
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by  employing  in  the  puddling  process  suitable  fluxes  which 
facilitate  the  formation  of  cyanogen  (soda,  common  salt, 
hoofs  of  cattle,  &c.) ;  but  instead  of  this  combination  of  the 
puddling  process  with  the  cementation,  it  is  cheaper  to  pro- 
duce puddled  iron  and  to  convert  the  iron  into  cement  steel; 
the  result  is  also  more  certain.  On  the  other  hand  it  has 
been  found  advantageous  to  cement  finished  articles  of 
puddled  steel,  such  as  tyres,  rails,  &c.* 

Puddled  steelisfrequently  employed  to produceasofter  kind 
of  cast-steel,and  in  comparison  with  the  natural  steel  is  cheaper 
the  more  expensive  the  charcoal;  the  produAion  of  puddled 
steel,  on  the  other  hand,  is  more  expensive  than  that  of 
puddled  iron ;  this  is  caused  chiefly  by  the  smaller  produ<5tion, 
the  frequent  repairs  of  the  furnace  hearth,  and  the  un- 
certainty of  the  result. 

Owing  to  the  progress  of  the  puddling  process,  tool  steel 
may  be  produced  from  puddled  steel  when  employing  the 
purer  kinds  of  pig-iron ;  at  KonigshCltte  in  the  Martz,  for 
instance,  puddled  steel  is  produced  from  white  radiated  pig- 
iron  from  Gittelde,  which  after  forging,  re-heating,  and  re- 
forging  is  used  at  Uslar  for  the  production  of  good  cast -steel. 
In  Siegen  and  Westphalia  the  varieties  of  puddled  steel  are 
the  same  price  as  the  best  natural  steel,  and  often  puddled 
steel  is  even  preferred  to  the  natural  steel  if  produced  from 
the  same  pig-iron.t 

According  to  Resch,|  the  natural  steel  of  Styria  and 
Carinthia,  which  has  always  been  intended  to  replace  the 
English  cement  steel,  has  found  a  serious  competition  in  the 
refined  steel  produced  from  cement  and  good  puddled  steel, 
as  these  raw  produ<5ls  yield,  on  refining,  a  better,  harder,  and 
more  uniform  refined  steel,  which  on  repeated  treatment  will 
retain  its  nature  as  steel  better  than  refined  natural  steel. 
Furthermore,  a  produifl  of  as  good  a  quality  as  English  cast- 
steel  has  never  been  successfully  produced,  on  a  large  scale, 
from  natural  steel,  although  the  greatest  care  has  been 
devoted  to  experiments  on  the  subjet^. 

*  Leob.,  J&hrb.,  1863,  xii,  65.    Baal.  Anlagen,  3  J»lirg.,  t  lAtt,  p.  [3. 
t  B.  u.  h.  Ztg.,  i860,  p.  133. 
i  Outerr.  Zlschr.,  1863,  p.  267. 
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Natural  Steel  and  Cement  Steel. — On  comparing*  these 
two  kinds  of  steel  it  will  be  found  that  cement  steel  is  mostly 
cheaper  to  produce  than  the  natural  steel,  as  the  cost  of 
cementation  (lahour,  cheaper  fuel,  &c.),  and  the  cost  of 
wrought -iron  are  much  lower.  Owing  to  the  cheapness  of 
fuel,  the  production  of  cement  steel  is  remunerative  in  this 
country,  although  the  greater  part  of  the  wrought-iron  em- 
ployed is  imported  from  Sweden. 

in  Bome  cases  local  circumstances  enable  natural  steel  to 
be  produced  at  a  lower  price  than  cement  steel. 

"With  respedt  to  the  quality  of  steel  (supposing  that 
the  same  kind  of  pig-iron  has  been  employed),  cement  steel 
is  purer  than  natural  steel,  as  in  the  finery  process  for 
WTOught-iron  the  impurities  are  more  perfeiftly  removed  than 
in  the  direA  fining  of  natural  steel.  Natural  steel  is  also 
less  uniform,  as  the  finery  process  is  not  sufficiently  certain, 
so  that  about  one-third  of  the  produiflion  is  too  soft  and 
intermixed  with  iron  which  must  be  sorted  out ;  the  finery 
process  aims  at  the  production  of  one  sort  of  steel  only, 
whilst  the  cementation  process  produces  steel  rich  or  poor 
in  carbon,  and  z  or  4  per  cent  of  the  production  only  has  to  be 
sorted  out  and  re-cemented.  These  circumstances  explain 
how  it  is  that  cement  steel  is  frequently  worked  direCl,  in  an 
unrefined  state,  into  various  common  articles  of  steel,  and 
also  into  different  kinds  of  refined  and  cast-steel.  Whilst 
the  natural  steel  when  drawn  out  is  difficult  to  sort  owing  to 
its  fine-grained  texture,  the  coarse  laminar  texture  of  raw 
cement  steel  facilitates  this  sorting  so  much  as  to  yield  a 
reliable  material  for  every  sort  of  cast-steel.  Cement  steel, 
when  drawn  out,  assumes  a  fine-grained  texture  like  that  of 
natural  steel,  and  its  fraClure  shows  vexy  great  difi'erences 
in  raw  cement  steel  only.  When  the  process  is  properly 
condutfted  good  wrought-iron  always  yields  a  pure  uniform 
cement  steel  without  any  intermixed  iron.  Cement  steel  is 
frequently  richer  in  carbon  on  the  surface  of  the  bar  than  in 
the  interior ;  this  is  sometimes  desirable  for  the  manufacture 
of  springs,  &c.     A  bar  of  cement  steel  is  also  more  uniform 

•  LBOB.,Jahrb-,  <8s3,iii.,pp. 301,307,313-,  1857,  vi.,91.   Bgwkfd., iil.,  151. 
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throughout  its  length  than  a  bar  of  natural  steel,  thus  facili- 
tating the  sorting. 

It  has  often  been  asserted  that,  on  refining,  cement  steel 
loses  its  carbon  more  easily  than  natural  steel,  but  this  is 
not  confirmed  by  practice  with  cement  steel  of  good  cluality, 
and  it  is  only  the  case  when  the  wrought -iron  employed  for 
the  produ<5tion  of  cement  steel  is  imperfeAly  fined  and  con- 
tains intermixed  slag. 

The  qualities  of  the  cast-steel  produced  from  natural  or 
cement  steel  depend  on  the  quality  of  the  raw  materials, 
supposing  other  circumstances  to  be  the  same. 

We  have  before  mentioned  (page  6)  that  the  operation  of 
melting  facilitates  the  homogeneousness  of  steel  more  than 
re-heating  and  welding ;  but,  nevertheless,  refined  steel  is 
preferred  to  cast-steel  for  various  articles.  This  preference 
is  perhaps  due  only  to  old  customs  in  the  treatment  of  steel 
at  the  manufadlure. 

With  regard  to  hardness  and  tenacity,  the  Styrian  and 
Carinthian  natural  steel  excel  all  other  steel  of  this  kind, 
and  are  less  inclined  to  become  soft.* 

PRODUCTION  OF  NATURAL  STEEL  IN  PINERIES. 

The  fineries  for  the  produdtion  of  steel  are  ereCted  chiefly 
in  the  neighbourhood  of  easily  fusible,  pure,  manganiferous 
iron  ores  (Styria,  Carinthia,  Siegen,  Thuringia,  Central  Alps, 
&c.) ;  and  as  it  is  most  advant^eous  to  smelt  these  ores  with 
charcoal  for  the  production  of  pig-iron,  and  to  convert  the 
pig-iron  into  steel  also  with  charcoal,  the  produAion  is 
limited  owing  to  the  scarcity  of  charcoal.  Just  in  the  same 
way  as  the  finely  process  for  the  produAionof  iron  is  more  and 
more  superseded  by.the  puddling  process,  the  fining  of  steel 
is  superseded  by  puddled  steel,  cast-steel,  and  cement  steel. 

We  propose  now  to  describe  the  smelting  materials  (pig- 
iron,  charcoal,  and  fluxes),  next  the  apparatus  (finery  fires, 
&c.),  and,  lastly,  the  methods  of  fining. 

The  modifications  of  the  finery  process  are  based  chiefly 
on  the  behaviour  of  the  pig-iron.    The  finery  process  for  the 

*  Lbob.,  Jalub.,  1853,  iii.,  302.    Oenen.  Ztschr.,  1863,  p.  267. 
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prodoAiDD  of  natural  steel  is  for  the  greatest  part  empirical, 
and  its  result  depends  chiefly  on  the  quality  of  the  pig<iroa, 
and  on  the  experience  and  attention  of  the  liner. 

The  process  differs  from  the  finery  process  for  the  pro- 
daAion  of  wrought-iron  chiefly  in  the  following  points  : — 

1.  The  finery  fire  for  steel  is  less  deep,  and  its  tuyeres  lie 
lower  and  have  a  greater  inclination. 

2.  The  melted  mass  is  not  broken  up  bat  fined  below  the 
blast,  being  covered  with  a  larger  quantity  of  poor  thinly 
liquid  slags,  thus  prolonging  the  process.  Also  the  finery 
process  for  steel  requires  twice  the  quantity  of  fuel  and  one 
and  a  half  times  the  labour  of  the  fining  of  wrought-iron,  and 
the  difference  of  the  cost  of  producing  iron  and  steel  in  the 
fineries  is  proportionally  larger  than  in  the  puddling  of  steel 
and  iron ;  the  puddling  of  steel  is,  therefore,  considerably 
more  economical  than  the  produ^ion  of  steel  in  fineries. 

3.  The  chai^  of  pig-iron  is  melted  down  in  several  por- 
tions, one  after  another,  in  Order  to  accelerate  the  fining 
and  to  control  the  process ;  the  blast  employed  is  of  low 
pressure.  The  finety  hearth  must  not  be  full  enough  for  the 
smelting  mass  to  reach  too  near  the  tuyere. 

Materials  for  the  Produi^ion  of  Natural  Steel. 
Pig-iron. — As  even  small  amounts  of  foreign  admixtures 
(page  t8)  render  steel  useless,  and  as  these  admixtures  cannot 
be  so  perfectly  removed  in  the  steel  finery  process  as  in  the 
fining  of  wrought-iron,  the  pig-iron  is  as  pure  as  possible, 
and  manganiferous  iron  is  preferred  (vol.  ii.,  page  771). 
Tunner*  has  called  attention  to  the  Carinthian  method  of 
fining  steel  as  showing  the  influence  of  the  quality  of  the 
pig-iron  upon  the  quality  of  the  steel.  In  former  times  the 
very  best  iron  ores  were  smelted  with  cheap  and  good  char- 
coal in  low  furnaces  for  the  produ<5tion  of  pig-iron,  but  since 
it  became  necessary  to  economise  labour,  ores,  and  fuel,  the 
ores  were  smelted  in  high  furnaces  with  a  greater  pressure 
of  blast,  thus  yielding  a  less  pure  iron,  although  still  of  ex- 
cellent quality,  but  the  steel  produced  from  it  deteriorated  in 

*  Lbob.,  Jahrb.,  1853,  iii.,  396. 
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quality ;  this  deterioration  is  also  partly  due  to  the  economy 
in  fiiel  practised  in  the  fining  of  steel. 

The  following  kinds  of  pig-iron  are  used  fbr  the  production 
of  natural  steel : — 

I.  \Vhite  Pig-iron,  which  comes  quickly  to  nature 
(gaarschmelzig)  (vol.  ii.,  page  711),  namely,  flowery  pig-iron 
and  cellular  (grossluckig)  pig-iron,  which  is  used  in  the 
Styrian  and  Tyrolese  steel  iinery  process  without  any  previous 
preparation,  and  is  the  most  excellent  material  for  the  pur- 
pose, as  it  is  easily  converted  into  steel.  The  cellular  iron 
is  required  to  have  large  pores,  because  that  with  small  pores 
(kleinluckig)  is  easily  transformed  into  wrought-iron. 

a.  Pig-iron,  which  comes  slowly  to  nature  (vol.  ii.,  page 
711):— 

a.  Spiegeleisen,  which  is  generally  very  pure,  and  comes 
less  easily  to  nature  without  using  oxidising  fluxes  than 
the  preceding  kipds  of  pig-iran.  Phosphoric  spiegeleisen 
has  lately  been  produced  and  sold  in  some  smelting  works ; 
and  siliceous  iron  may  also  have  the  appearance  of  spiegel- 
eisen. 

b.  Very  Pure  Grey  or  Mottled  Pig-iron  (vol.  ii.,  page 
543)1  which  has  been  previously  refined  by  the  operation  of 
"  Hartzerrennen  "  (vol.  ii.,  page  724). 

c.  Grey  Pig-iron  of  the  Regular  Process. — On  melting 
down  this  kind  of  iron  oxidising  agents  are  required  to  con- 
vert it  into  white  iron.  The  resulting  natural  steel  is  less 
uniform,  and  requires  a  careful  welding  and  foiling ;  there- 
fore each  finely  fire  usually  requires  the  use  of  one  hammer. 
Grey  pig-iron  produced  from  a  refraAory  ore  mixture  is  not 
fit  for  an  advantageous  produAion  of  steel,  as  the  iron  is 
with  difficulty  fined  and  forged. 

Formerly  only  charcoal  pig-iron  was  used  for  the  produc- 
tion of  natural  steel  in  the  district  of  Siegen,  but  now  coke 
produced  from  washed  coal  is  used  to  replace  part  of  the 
charcoal  without  materially  injuring  the  quality  of  the  re- 
sulting pig-iron.  When  employing  coke  exclusively,  the 
result  was  a  pig-iron  of  inferior  qu^ty,  but  still  fit  for  the 
produAion  of  natural  steel. 

Most  of  the  common  coke  pig-iron  from  Westphalia,  for 


,;  Google 


APPARATUS  AND  ACCESSORIES:  45 

instance,  is  unfit  for  the  produfUon  of  natural  steel,  for  the 
reason  that  it  contains  too  small  a  proportion  of  carbon.  It 
melts  down  sufficiently  thinly  liquid,  but  comes  to  nature 
before  the  noxious  substances  are  expelled. 

The  dimensions  of  the  finety  fire,  and  above  all  the 
inclination  of  the  tuyere,  must  be'modified  according  to  the 
rapidity  with  which  the  pig-iron  comes  to  nature.  The  more 
slowly  the  pig-iron  fines  or  comes  to  nature,  the  shallower 
must  be  the  finery  hearth  and  the  greater  the  inclination  of 
the  blast ;  the  iron  will  then  melt  very  thinly  liquid,  but  it  is 
more  exposed  to  the  influence  of  the  blast,  and  thus  more 
easily  converted  into  steel. 

FueL — In  most  cases  charcoal  only  is  used,  and  in  rare 
cases,  in  Siegen,  for  instance,  veiy  pure  coke  at  the  same 
time. 

Flaxes. — Nearly  the  same  fluxes  are  used  as  in  the  finery 
process  for  the  production  of  wrought-iron  {vol.  ii.,  page  736), 
namely,  rich  finery  slags,  hammer  slag ;  sometimes,  also, 
wrought-iron  and  steel  to  facilitate  the  fining,  poor  slags, 
quartz  and  loam  to  liquefy  the  slags,  and  sometimes  Schaf- 
hautl's  powder  (vol.  ii.,  page  740). 

Zander*  supposes  that  probably  in  the  finery  process  no 
chlorine  is  evolved  from  SchafhSutl's  powder,  as  no  free 
strong  acid  is  present  to  decompose  the  brown  stone,  which 
emits  oxygen  at  a  lower  temperature  than  that  required  for 
melting  common  salt.  The  volatilising  salt  corrodes  the 
foniace  walling,  and  is  decomposed  chiefly  by  the  steam  con. 
tained  in  the  produtfls  of  combustion  then  forming  some 
muriatic  acid,  which,  owing  to  its  great  volatility,  has  but 
little  influence  upon  the  removal  of  sulphur.  Common  salt 
and  brown  stone,  on  the  other  hand,  exert  a  favourable  in- 
fluence upon  the  formation  of  the  slag. 

Apparatus  and  Accessories. 
Pinery  Fire  for  the  ProduAion  of  Steel. — The  chief 
differences  between  these  fineries  and  those  for  the  produc- 
tion of  wrought-iron  {vol.  ii.,  page  740),  are  that  they  are 

*  Preou.  Zuchr.,  nl.,  aSi. 
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less  deep  and  have  tuyeres  of  a  greater  inclination  and 
lying  nearer  to  the  hearth  bottom ;  the  blast  is  of  lower 
pressure  and  is  made  to  facilitate  the  lining  of  the  mass  in 
the  hearth,  as  the  mass  is  not  broken  up  and  not  shifted 
above  the  blast.  The  dimensions  of  the  finery  hearth  are 
modified  more  or  less  quickly  according  to  how  quickly  the  pig- 
iron  comes  to  nature,  and  more  or  less  inclination  is  given 
to  the  blast  whilst  the  suitable  fluxes  are  added. 

To  retain  the  temperature  in  the  finery  hearths,  their 
bottom  is  formed  of  sandstone  or  of  fire-bricks,  whilst  the 
side  walls  are  lined  with  iron  plates,  except  the  front  side, 
which  is  usually  formed  of  several  cast-iron  plates  laid  one 
upon  another.  The  side  plates  lining  the  back  wall  and 
the  side  opposite  the  tuyere  incline  somewhat  out  of  the  fire, 
thus  facilitating  the  removal  of  the  lump  or  ball,  whilst  the 
upper  part  of  the  iron  plate  supporting  -the  tuyere  projeiils 
slightly  into  the  hearth  in  order  to  conduct  the  flame  nearer 
to  the  opposite  side.  If  this  tuyere  plate  has  not  suiEcient 
inclination,  the  blast  is  repelled  by  the  coal,  passes  before  the 
tuyere  out  of  the  hearth,  and  is  apt  to  melt  the  tuyere  plate, 
as  the  temperature  of  the  hearth  bottom  reatfls  upon  it  too 
much.  If  the  iron  comes  to  nature  too  slowly,  the  iron 
plate  lining  the  back  wall  is  placed  in  such  a  manner  as  to 
form  an  obtuse  angle  with  the  tuyere  plate,  and  when  the 
iron  comes  to  nature  too  quickly  the  two  plates  are  made 
to  form  an  acute  angle. 

With  regard  to  its  distance  from  the  bottom,  and  its 
position  and  inclination  in  the  hearth,  the  tuyere  has  still 
more  influence  upon  the  process  than  the  inclination  of  the 
iron  side  plates.  The  tuyere  projects  4  or  5  inches  into  the 
hearth  with  an  inclination  of  from  15°  to  20°,  and  is  direAed 
somewhat  towards  the  front  wall  where  the  manipulation  is 
the  most  difficult,  thus  keeping  up  here  the  required  tem- 
perature. An  inclination  of  the  tuyere  greater  than  2°  or  3° 
promotes  the  fining,  whilst  a  less  inclination  prolongs  it. 
The  lower  side  of  the  tuyere  nozzle  is  usually  slightly 
shortened  (vol.  ii.,  page  744). 

Like  the  finery  fires  for  the  production  of  wrought-iron, 
those  for  steel  are  also  sometimes  closed  and  provided  with 
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a  hearth  for  preparatoiy  heating,  and  with  hot  blast  appara- 
tus (Styria).*  The  preparatory  heating  stoves  are  used 
chiefly  for  heating  the  blooms  and  less  for  the  preparatory 
heating  of  the  pig-iron,  as  such  heated  pig-iron  facilitates  the 
fbrtnation  of  steel  intermixed  with  iron. 

Refinery  Fire  (Hartzerrenn  Hearths). — The  mottled  or 
grey  pig-iron  used  in  the  Carinthian  process  is  refined  cither 
in  a  separate  hearth,  when  the  iron  is  tapped  off  into  moulds 
and  cooled  with  water,  or  the  pig-iron  is  refined  in  the  steel 
finery  hearths,  in  which  case  water  is  thrown  upon  the  fused 
metal  and  the  chilled  crust  stripped  off.  Combined  with 
the  tapping  off,  the  former  method  has  the  advantages  of  a 
laifier  produAion  and  a  better  preservation  of  the  steel 
finely  hearth.  When  refining  twice  a  greater  consumption  of 
foel  takes  place,  but  the  loss  of  iron  is  less  than  when  fining 
alone. 

The  blooms  resulting  from  the  steel  balls  are  re-heated  for 
the  purpose  of  hammering  them  to  a  certain  compatflness 
mostly  in  the  refinery  hearth  either  before  or  after  melting 
down  the  pig-iron ;  in  some  cases  a  separate  warming  stove 
is  at  the  same  time  employed  for  the  purpose.  As,  on 
faammeiing,  the  steel  balls  emit  but  little  slag  (the  ball 
would  otherwise  be  too  much  decarbonised),  they  are  hard 
under  the  hammer  and  get  many  small  cracks. 

For  the  purpose  of  drawing  out  into  bars,  the  blooms  are 
likewise  usually  heated  in  the  finery  fires,  and  only  when  the 
bars  are  to  be  of  small  dimensions  are  the  blooms  heated  in 
separate  hearths,  as  with  the  Carinthian  Brescian  steel, 
which  is  intended  for  export,  and  packed  up  in  boxes  of  250 
and  125  lbs.  each.  Differing  from  other  wanning  stoves, 
those  for  heating  the  steel  blooms  are  provided  with  two 
cast-iron  plates,  each  a  feet  long,  I  foot  broad,  and  several 
inches  thick  ;  these  plates  are  placed  on  both  sides  of  the 
tuyere,  thus  forming  for  the  blast  a  passage  2  feet  long  and 
3  or  4  inches  wide,  which  is  filled  with  coal.  The  blooms 
to  be  heated  are  laid  crosswise  on  these  plates  and  covered 

*  VoKDBBNB..  Jalirb.,  1S43,  p.  64.  Tuhmbk,  StabeUen  nod  StoblbeceitanK, 
1858,  ii.,  xaA. 
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with  coal  whilst  applying  blast  of  low  pressure.  It  is 
generally  necessary  to  heat  the  steel  at  a  lower  temperature 
than  that  used  for  heating  wrought-iron,  as  steel  is  more 
easily  ^sible  and  liable  to  bum  ;  on  the  other  hand,  shorter 
and  oftener  repeated  heats  are  required  for  drawing  out  steel 
to  finer  dimensions. 

The  foTging  of  the  steel  blooms  requires  great  care ;  if 
heated  too  strongly,  they  are  cooled  somewhat  by  being 
allowed  to  remain  on  the  anvil  whilst  water  is  thrown  upon 
them ;  some  blows  with  the  hammer  are  then  applied,  when 
the  blooms  will  either  become  consolidated  or  still  crumble 
too  much.  In  the  latter  case,  they  are  cooled  somewhat 
more,  and  some  blows  of  the  hammer  are  given  to  try  again 
to  consolidate  them,  when  they  are  sometimes  found  to  be 
too  cool,  requiring  a  fresh  heating.  Some  raw  blooms 
must  be  repeatedly  heated  before  they  become  consolidated. 
This  operation  may  be  less  carefully  performed  if  the  natural 
steel  is  to  be  hardened. 

Hammers  are  employed  for  shingling  the  balls,  and  also 
for  drawing  out  the  blooms ;  the  usual  hammers  are  5  or  6 
cwts.  in  weight,  and  make  from  70  to  120  blows  in  the 
minute,  having  a  stroke  of  about  z  feet.  For  dividing  the 
balls  into  blooms,  hammers  weighing  7  or  8  cwts.  are  some- 
times employed,  and  steam  hammers  for  forging  larger 
pieces. 

For  drawing  out  steel  into  bars  of  small  dimensions, 
lighter  hammers,  weighing  3  or  4  cwts.,  are  used ;  and  still 
smaller  hammers,  weighing  only  I  or  2  cwts.,  are  employed 
for  drawing  out  the  thinnest  square  rods  of  Brescian  steel 
from  i  to  }  inch  square ;  the  smallest  hammers  are  lifted 
10  inches,  and  make  200  blows  per  minute. 

Methods  of  Producing  Steel  by  Fining  in  Hearths. 

The  variations,  or  methods,  of  the  raw  steel  fining  process 
are  based  on  the  quality  of  the  pig-iron,  on  the  quality  of  the 
intended  raw  steel,  and  on  some  local  customs  in  the 
manipulation. 

The  Styrian  process  treats  white  flowery  pig-iron,  and 
is  simpler ;  it  consumes  less  coal,  and  is  therefore  oftener 
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employed  than  the  Paal  and  the  Carinthian  Processes, 
which  treat  refined,  pure,  mottled,  or  grey  pig-iron,  and 
employ  more  complicated  manipulations,  consequently  the 
resulting  product  is  harder  and  more  uniform,  and  requires 
less  frequent  refining  than  the  Styrian  steel.  The  Paal  Steel 
Process  yields  the  hest  product,  but  is  very  expensive  and 
complicated,  and  therefore  almost  obsolete. 

The  Tyrolese  Process  resembles  both  the  Styrian  and 
the  Carinthian  processes :  it  requires  more  fuel,  and  causes 
a  greater  loss  of  iron  than  the  Styrian  process,  but  less  than 
the  Carinthian  ;  the  steel  resulting  is  harder  than  the 
Styrian,  and  softer  than  the  Carinthian  steel. 

The  Siegen  Raw  Steel  Finery  Process  produces  an  ex- 
cellent raw  steel  from  spiegeleisen,  which,  however,  is  not 
quite  as  good  as  the  Austrian  steel,  owing  to  the  inferiority 
of  the  raw  material. 

Both  the  North  German  and  the  Dauphin£  Processes 
treat  good  grey  pig-iron,  which  is  converted  in  one  hearth, 
and  in  one  continued  operation,  into  raw  steel.  Tbis  process 
consumes  less  coal  than  the  Carinthian  process,  but  yields 
steel  of  interior  quality,  owing  to  the  imperfedlion  of  the 
process. 

The  latter  processes,  treating  iron  which  comes  to  nature 
with  difficulty,  are  at  present  almost  entirely  superseded  by 
the  cheaper  steel  puddling  process,  and  the  Carinthian  and 
Styrian  processes,  which  are  still  kept  up  by  the  great 
reputation  of  their  produdts,  are  also  beginning  to  be  aban- 
doned in  favour  of  the  cheaper  methods  of  cementing  and 
puddling  steel. 

The  steel  produced  by  one  or  the  other  method  of  the 
finery  process  is  drawn  out  into  bars,  and  whilst  still  hot  it 
is  thrown  in  a  wooden  trough  large  enough  to  contain  several 
cwts.  of  steel  bars,  and  through  which  a  continual  stream 
of  cold  water  is  kept  running ;  the  good  hard  kinds  of 
steel  then  prove  their  quality  by  becoming  cracked  and  by 
their  sound  (page  37) ;  the  hardened  bars  are  afterwards 
broken  into  pieces  of  from  ^  to  2  feet  long,  and  sorted, 
according  to  the  appearance  of  their  surface  and  fradture, 
into  good  steel  and  steel  admixed  with  iron ;  the  former  ia 
VOL.  III.  B 
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marketable,  whilst  the  other  varieties  are  used  for  the  pro- 
dudtion  of  more  or  less  good  soft  cast -steel  or  refined  steel. 

The  raw  steel  produced  by  the  Paal  and  Carinthian  pro- 
cesses is  mostly  sold  and  used  in  manufacture  in  the  raw 
state ;  the  other  kinds  of  raw  steel  require  refining  before 
they  are  of  use  for  manufaiflunng  purposes. 

Chemical  Rea<5UonB. — The  chief  differences  between  the 
fining  of  steel  and  the  fining  of  iron  are  explained  on  page  43. 
The  chemical  reaiftions  of  the  finery  process  for  the  pro- 
duiftion  of  steel  vary  according  to  the  time  taken  by  the 
pig-iron  in  coming  to  nature. 

Those  kinds  of  pig-iron  which  come  to  nature  easily 
(gaarschmelzige)  (flowery  and  cellular  white  pig)  and  which 
contain,  besides  a  small  amount  of  manganese,  traces  of 
silicon,  become  thickly  liquid  when  slowly  melted  down,  and 
lose  so  much  carbon  by  the  readlion  of  the  blast  as  to  be 
converted  essentially  into  steel  when  reaching  the  bottom 
of  the  finery  fire,  supposing  the  process  to  be  normal.  The 
melted  down  iron  is  then  kept  for  a  short  time  in  contadt 
with  moderately  poor  cinder,  and  coagulates  into  a  compaft 
pasty  mass  of  steel,  forming  the  lump,  or  ball,  which  is 
removed  from  the  hearth  and  divided  into  several  pieces  or 
blooms.  If  the  melted-down  mass  is  broken  up  and  shifted 
above  the  blast,  as  in  the  fining  of  wrought-iron,  a  uniform 
fining  of  the  single  pieces  is  impossible,  and  the  decarbon- 
isation  is  too  strong.  On  re-heating  and  forging  the  blooma 
the  very  small  quantity  of  slag  contained  in  the  steel  mass 
can  be  perfedlly  expelled  without  greatly  lesseningthe  amount 
of  carbon  by  its  proportion  of  oxygen,  and  without  rendering 
the  steel  softer.  The  quantity  of  pig-iron  forming  one  charge 
is  melted  down  in  different  portions,  thus  facilitating  the 
fining  by  a  more  perfect  reaction  of  the  blast,  and  the  last 
melted-down  portion  will  always  dissolve  the  mass  upon 
which  it  drops,  keeping  it  liquid  for  some  time  and  then 
coagulating  to  a  pasty  mass.  When  refining  pig-iron  of  this 
kind  the  same  chemical  actions  take  place  as  when  refining 
pig  for  the  production  of  wrought-iron  (vol.  ii.,  page  715) ; 
silicon  and  manganese  are  mostly  separated,  and  the  graphite 
is  converted  into  chemically  combined  carbon.    The  same 
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readlions  take  place  at  the  *'  Hartzerrennen  "  of  the  Carinthian 
process,  and  at  the  Paal  process,  in  which  oxidising  fluxes 
are  mixed  with  the  melted-down  pig-iron,  thus  refining  it 
and  also  separating  some  carbon. 

From  this  communication  it  follows  that  the  decarbonisa- 
tion  of  white  pig-iron  which  comes  to  nature  easily  takes 
place  chiefly  above  the  blast  and  by  its  direft  influ'ence ;  on 
the  other  hand,  with  those  kinds  of  pig-iron  which  on  melting 
become  thinly  liquid  and  come  to  nature  with  difficulty,  the 
formatioa  of  steel  is  chiefly  performed  below  the  blast,  on 
the  hearth  bottom,  by  the  readlion  of  substances  containing 
oxygen,  and  also  by  the  direifl  influence  of  the  blast,  which 
is  condudted  at  a  great  inclination  to  the  hearth  bottom. 
This  process  is  more  easily  performed  with  spiegeleisen 
which  is  rich  in  carbon  and  manganese  and  poor  in  silicon 
(Siegen  finery  process),  than  with  mottled  or  grey  pig-iron 
(North  German  and  Rivois's  method).  On  melting  down 
spiegeleisen  some  manganese  and  iron  becomes  oxidised,  but 
the  complete  separation  of  the  manganese  and  the  carbon,  so 
tar  as  it  is  required,  takes  place  on  the  hearth  bottom  by 
stirring  the  fused  mass  with  oxidising  substances  and  ap- 
plying a  strong  blast ;  a  strong  ebullition  of  the  mass  will 
then  be  apparent. 

Mottled  pig-iron  and  grey  iron  of  the  regular  process  con- 
tain a  larger  amount  of  silicon  and  less  manganese ;  on 
melting  down  these  sorts  the  greater  part  of  the  silicon 
becomes  oxidised  and  the  graphite  converted  into  chemically 
combined  carbon,  but  the  whole  amount  of  silicon  and 
carbon  can  be  removed  as  far  as  required  only  by  a  longer 
contiDued  reatftion  of  rich  slags  and  of  the  blast,  as  the 
portions  of  pig-iron  which  are  melted  down  later  on  re*impart 
silicon  to  the  purifled  fused  metal  of  the  hearth  bottom. 

Darkish  grey  pig-iron  containing  silicon,  sulphur,  and 
manganese,  such  as  that  treated  in  the  Isere  department  in 
the  Dauphin^,  or  by  Rivois's  process,  requires  first  a  perfedt 
refining  by  melting  down  the  pig-iron,  whilst  readting  upon  it 
l^  the  blast  and  some  oxidising  fluxes ;  according  to  Lan's 
investigations,  the  greater  part  of  the  silicon,  sulphur,  and 
manganese  will  then  be  separated,  and  the  graphite  converted 
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into  chemically  combined  carbon,  the  proportion  of  which 
may  even  increascj  and  a  poor  slag  is  formed  by  the  separa- 
tion of  the  oxidised  silicon.  When  mixing  the  refined 
melting  mass  with  rich  slag,  silicon  and  manganese  will  be 
completely  removed,  and  gradually  also  part  of  the  carbon. 

The   following   are   Lan's   analyses*  of  the   pig-iron  at 
different  periods  of  the  Rivois's  steel  refineiy  process : — 
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No.  I  is  the  composition  of  the  pig-iron  employed.  No.  2, 
the  iron  after  it  has  been  melted  down.  No.  3,  iron  at  the 
end  of  the  second  period.  No.  4,  metal  after  the  removal  of 
the  slag.  No.  3,  metal  an  hour  previous  to  the  withdrawal 
of  the  first  ball.  No.  6,  steel  shortly  after  the  withdrawal  of 
the  first  ball. 

As  copper  ia-  more  difficult  to  oxidise,  its  proportion  may 
even  increase.  Stengel  has  before  called  attention  to  this 
(page  33),  and  it  is  confirmed  by  the  above  analyses.  On 
forging  red-hot  steel,  the  presence  of  copper  is  said  to  be 
perceptible  in  sparks  apparently  coming  from  the  steel,  and 
which  drop  down  near  the  anvil. 

Irregularities  occur  in  the  fining  of  steel,  as  in  the  finery 
process  for  wrought-iron. 

The  regular  steel  fineiy  process  is  indicated  by  the  fol- 
lowing behaviour : — 

On  properly  melting  down  the  pig-iron  with  a  suitable 
pressure  of  blast,  the  fused  mass  in  the  hearth,  when  touched 
with  an  iron  bar,  will  be  found  to  be  even,  and  more  or  less  hard 
and  pasty,  but  not  adhesive,  and  it  will  slowly  rise  up 
in  the  hearth.  It  is  covered  some  inches  high  with  a  thinly 
liquid  rather  poor  slag,  a  sample  of  which,  when  taken  with 
the  iron  bar,  will  appear  white,  and  only  gradually  lose  its 
high  temperature.     In  the  course  of  the  process  the  slag 

*  B.  u.  h.  Ztg.,  1860,  pp.  1S3,  314, 14s- 
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becomes  richer,  and  must  be  tapped  off  from  time  to  time 
and  replaced  by  poor  slag,  otherwise  the  resulting  steel  will 
be  too  soft,  chiefly  if  rich  slag  is  present  at  the  end  of  the 
process. 

A  modification  of  the  process  shows  also  a  different  beha- 
viour  of  the  flame  escaping  from  the  hearth,  as  it  then  carries 
small  portions  of  slag  out  of  the  hearth.  The  suitable  pres. 
sure  of  the  blast  is  about  10  or  15  inches  water  column.  If 
the  pressure  is  too  strong,  the  blast  will  permeate  the  covering 
of  slag  in  excess,  facilitating  its  decarbonising  reai5lion  too  ' 
much  ;  this  must  be  prevented,  particularly  when  treating 
pig-iroQ  which  comes  to  nature  easily. 

The  decarbonising  also  becomes  over  strong  when  melting 
.  down  the  ptg-iron  too  slowly.  The  mass  on  the  hearth 
bottom  then  becomes  too  pasty,  and  will  stick  to  an  iron  bar 
immersed  into  it ;  the  slag  and  flame  become  lighter ;  the 
steel  resulting  at  such  irregularity  of  the  process  is  not  uni- 
'  form  ;  the  melting  down  is  then  accelerated  by  increasing 
the  blast ;  the  over  rich  slags  are  tapped  off  and  replaced  by 
a  sufficient  quantity  of  poor  slags,  or  even  quartz ;  the  mass 
may  also  be  cooled  by  putting  cold  pieces  of  pig-iron  or  wet 
slags  into  it,  or  water  may  be  poured  into  the  tuyere,  &c. 

On  melting  down  the  pig-iron  too  quickly,  or  when  pieces 
fly  off  from  the  pig-iron  to  be  melted,  and  fall  into  the  hearth, 
another  irregularity  of  the  process  takes  place,  which  in 
German  is  termed  "Rohgang."  In  this  case  the  melted 
mass  in  the  hearth  is  too  thinly  liquid ;  the  slag  when  taken 
out  of  the  hearth  is  red  hot,  and  ceases  to  glow  almost  imme* 
diately  afterwards ;  a  few  bright  points  only  appear  on  the 
dark  surface ;  the  flame  emitted  from  the  hearth  is  also  modi- 
fied. The  melting  down  is  then  protradled,  applying  blast 
of  lower  pressure,  oxidising  fluxes,  and  smaller  portions,  at 
the  same  time  frequently  tapping  off  the  too  poor  slags ;  the 
mass  is  repeatedly  cooled ;  pieces  of  pig-iron  which  have 
flown  off  are,  if  possible,  removed  from  the  hearth  by  means 
of  3.  tongs,  &c. 

The  following  analyses  show  the  composition  of  slags  re- 
sult'iBg  at  the  steel  finery  process  :  — 
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No.  I  is  a  slag  from  Allward  obtained  at  the  melting  down 
of  the  pig-iron,  analysed  by  Berthier.  No.  2,  poor  slag 
from  Rives-de-Gier^  near  St.  Etienne,  analysed  by  Berthier. 
No.  3,  rich  slag  from  the  same  place,  analysed  by  Berthier. 
No.  4,  slag  from  Sollingerhtitte  in  Hanover,  by  Lampadius. 
No.  5,  slag  from  Schishyttan,  analysed  by  Fellin. 

According  to  these  and  other  analyses,  the  composition  " 
of  the  poor  slags  stands  between 

sFeO.SiOj  and  3(3FeO,Si03)  +  zieFeO.SiOj), 
and  that  of  the  rich  slags  is — ^without  oxide  of  iron, 

SFeO.SiOj  +  4{6FeO,Si03), 
and  with  oxide  of  iron 
4FeO(Si03,Fe,03)+2FeO{SiO„Fe,Oj)  +  6FeO(Si03,Fe,03) 
Such  slags  as  No.  5,  poor  in  silica,  may  be  represented  by 
the  formula  i7(i2FeO,Si03)-l-8(3RO,2Si03),  in  which  RO 
expresses  the  bases  isomorphous  to  the  present  FeO ;  the 
AIjOj  is  calculated  together  with  SiOj. 

The  Steel  Finery  Process  with  White  Pig-iron  which 
comes  Easily  to  Nature  (Styrian  Method). — The  pig- 
iron  treated  by  this  method  is  the  white  flowery  kind  some- 
times approaching  spiegeleisen  and  sometimes  the  cellular 
iron.  In  the  latter  case  the  finery  fires  are  similar  to  those 
used  in  the  manufa^ure  of  wrought -iron  (vol.  ii.,  page  764), 
and  in  the  former  case  when  the  white  pig  approaches 
spiegeleisen,  finery  fires  of  the  construdlion  as  shown  in 
Fig.  I  are  used. 

The  iron  plate,  a,  lining  the  front  side  of  the  fire,  is  pro- 
vided with  four  apertures,  a,  to  run  out  the  cinder,  b,  b  are 
the  walls  enclosing  the  hearth  or  fire ;  c  is  the  iron  plate 
lining  the  back  of  the  hearth ;  d,  the  hearth  bottom  formed 
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of  a  layer  of  loam  4  Inches  thick,  and  resting  upon  the 
waUed-up  foundation,  « ;  /  is  a  sole  of  small  coal  10  or  12 
inches  thick ;  g  are  iron  plates  facing  the  back  wall,  k ; 
A  is  a  pit  for  receiving  the  cinder ;  /  represents  the  coal ;  and 
m  the  small  coal  (Loscb). 

Fig.  I. 


The  tuyere  plate  and  the  plate  facing  the  opposite  side  of 
the  hearth  arezi  inches  long;  the  other  two  side  plates  of 
the  hearth  28  inches.  The  tuyere  plate  inclines  2  inches 
into  the  hearth,  and  its  opposite  side  plate  inclines  as  much 
out  of  the  hearth.  The  hearth  pit  is  23  inches  long,  20 
inches  broad,  and  10  or  12  inches  deep  below  the  tuyere  ; 
the  tuyere  has  an  inclination  of  from  13'  to  17°,  and  projefts 
4  inches  into  the  hearth.  The  blast  pipes  within  the 
tuyere  are  15  or  16  lines  in  diameter,  and  their  nozzles  lie 
4i  or  5^  inches  distant  from  the  nozzle  of  the  tuyere.  The 
blast  enters  under  a  pressure  of  15  or  16  inches  water. 

When  commencing  an  operation,  120  lbs.  of  pig-iron  are 
melted  down  together  with  some  pounded  finery  cinder  which 
is  thrown  upon  the  coal,  whilst  the  blooms  of  the  previous 
operation  are  heated  at  the  same  time.  As  soon  as  the  blooms 
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are  foiled  until  only  two  are  left  in  the  fire,  a  second  portion 
of  pig-iron,  from  30  to  60  lbs.,  is  charged  for  melting  down. 
When  the  hearth  is  filled  up  to  within  i  or  2  inches  from 
the  tuyere  and  the  iron  has  come  to  nature,  that  is,  has 
been  converted  into  steel,  the  slag  is  tapped  off  into  a  pit 
filled  with  water,  a  shovel-full  of  wet  cinder  is  thrown  into 
the  hearth,  the  blast  is  put  off,  the  lump  or  ball  of  steel  is 
raised,  and  then  removed  in  about  a  ^  or  ^  an  hour.  The 
lump  is  then  cut  under  a  hammer  into  10  or  12  blooms, 
which  are  gradually  heated  in  the  fineiy  fire  during  the 
period  of  melting  down,  whilst  the  last  remaining  blooms, 
are  kept  hot  in  a  separate  glowing  furnace.  The  steel  bars 
which  are  drawn  out  under  a  hammer  are  thrown  into  the 
cooling  trough  and  sorted. 

The  products  are  classified  thus  : — 

I.  Meisselstahl  (Chisel  Steel)  occasionally  termed 
Miinz-  or  Rosenstahl  (Rose  Steel). — It  is  mostly  in  pieces 
from  4  to  12  inches  long ;  the  frafture  is  clean  and  con- 
choidal,  has  a  uniform  dull  grain,  and  usually  shows  a  rose. 
It  is  ordinarily  packed  in  boxes,  and  is  the  dearest  kind  of 
unfaggoted  Styrian  steel. 

a.  Edestahl  or  Rohstahl  (Noble  or  Raw  Steel).— It  is 
in  pieces  from  3  inches  to  2  feet  long ;  the  frafture  is  clean, 
but  no  notice  is  taken  of  very  small,  white  veins,  or  some- 
what lighter  spots  in  the  fradture,  accompanied  with  unsound 
places  or  scales  on  the  surface.  It  is  mostly  used  in 
making  faggoted  steel. 

3.  Mockstahl,  Halbstahl  (Half  Steel),  or  Riickenzeug. 
— It  is  dif&cult  to  break,  and  contains  intermixed  iron  which 
appears  on  the  surface  as  well-defined  veins,  or  as  coarse, 
light,  very  bright  grains.  It  is  partly  employed  for  inferior 
descriptions  of  faggoted  steel,  chiefly  for  the  outer  layers  of 
the  piles,  and  partly  sold  for  forging  into  scythes. 

4.  Rohmittelzeug. — It  is  used  for  inferior  kinds  of 
faggoted  steel. 

5.  Hammereisen  (Hammered  Iron.) — It  is  in  pieces 
which  can  hardly  be  broken,  and  is  hard  iron  rather  than 
steel.     It  is  used  for  various  purposes. 

5-    Abfalle  or  Refudi  (Waste  pieces). — They  are  run 
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dowD  agaia  in  the  finery,  but  sometimes  they  are  worked 
np  into  inferior  kinds!|,of  steel. 

The  best  Styrian  Sbythea  are  made  from  the  best  qualities 
of  steel. 

The  production  of  two  closed  finery  fires  using  hot  blast 
of  364°  Fahrenheit,  and  attended  by  four  workmen, 
amounts  to  from  12  to  15  cwts.  of  steel  balls  in  16  hours,  at 
a  consumption  of  ftx)m  22  to  25  cubic  feet  of  coal ;  30  cubic 
feet  are  consumed  when  using  cold  blast.  85  of  raw  and 
5  of  mild  steel  are  often  produced  from  100  cwts.  of  pig-iron, 
the  loss  being  g'3  per  cent.  Formerly  100  cwts.  of  p^-iron 
yielded  only  60  of  raw  steel,  including  the  chisel  steel,  20  of 
mild,  6  of  Hammereisen,  and  4  of  Rohmittelzeug,  at  a  loss 
of  10  per  cent. 

Carinthian  Raw  Steel  Process. — The  mottled  and  grey 
kinds  are  used  for  this  process ;  they  are  either  refined  by  a 
previous  preparatory  process  or  by  the  steel  refinery  fire, 
which  we  shall  presently  describe. 

The  finery  fire  is  22  or  23  inches  long,  23  or  24  inches 
broad,  and  the  depth  below  the  tuyere  to  the  hearth  bottom 
is  from  11  to  13  inches,  and  to  the  working  bed  of  stamped 
charcoal,  &c.,  from  7  to  9  inches.  The  tuyere  side  plate  is 
about  3  inches  lower  than  the  other  three  side  plates  of  the 
hearth.  The  wind  plate,  that  is  the  plate  opposite  the 
tuyere  plate,  varies  in  height,  and  extends  from  2j-  to  5 
inches  above  the  tuyere  plate,  for  the  reason  that,  in  the 
operation  of  fining,  the  pig-iron  to  be  melted  down  rests 
upon  this  plate  and  the  horizontal  plate  at  the  same  level 
on  the  side  of  it,  so  that,  in  melting,  the  metal  may  drop 
from  a  greater  height,  and  its  fining  be  thereby  promoted. 

The  nozzle  of  the  ordinary  circular  tuyere  is  from  16  to 
17  lines  in  diameter,  and  projei5ls  from  3^  to  4.}^  inches  over 
the  tuyere  plate.  The  tuyere  inclines  from  10°  to  16°,  with 
its  axis  direi^ed  towards  the  middle  of  the  hearth.  The 
blast  pipes  (either  one  or  two  are  used)  have  a  diameter 
of  15  or  16  lines  at  the  nozzle,  and  lie  back  from  4  to 
4^  inches  from  the  nozzle  of  the  tuyere.  The  ordinary 
pressure  of  the  blast  is  15  or  16  inches  water  column. 

Much  larger  quantities  of  pig-iron  are  used  at  a  time  in 
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the  Carinthian  than  In  the  Styrian  process.  5  cwts.  of  grey 
or  mottled  iron  are  charged  and  melted  down  in  about 
3  hours.  The  melted  iron  is  then  exposed  to  the  blast  until 
it  attains  the  required  purity,  as  in  the  ordinary  process  of 
refining ;  after  removing  the  slag,  the  refined  metal  is  con- 
verted into  thin  plates  by  throwing  water  on  the  surface  and 
taking  off  the  chilled  metal  in  crusts  or  discs,  about  i  or  ij- 
inches  in  thickness. 

The  fineiy  fire  is  then  re-arranged,  and  the  blooms  of  the 
ball  from  the  preceding  operation  are  re-heated  and  ham- 
mered, which  requires  about  ij-  hours,  causing  a  loss  of 
15  per  cent.  Whilst  repeatedly  heating  and  forging  these 
blooms  a  quantity  of  from  40  to  70  lbs.  of  pig-iron,  together 
with  a  little  cinder,  is  melted  down  in  J-  or  J  of  an  hour,  and 
upon  this  the  refined  metal  of  the  first  operation  is  added  in 
small  quantities,  until  the  whole  charge  forms  on  the  hearth 
bottom  a  more  or  less  pasty  or  imperfeflly  fluid  mass  (Sauer). 
Coal  and  slag  are  then  removed  from  the  pasty  mass,  and  it 
is  broken  up  with  a  bar  and  piled  into  a  heap  in  the  centre. 
If  it  dries  too  rapidly,  fresh  pig-iron  must  be  added,  whilst  if 
it  is  too  fluid,  oxidation  is  promoted  by  the  addition  of  ham- 
mer slag.  The  upper  portion  of  the  piled  mass,  being  under 
the  influence  of  the  blast,  loses  its  carbon,  whilst  the  lower 
part,  being  in  conta<^  with  the  glowing  charcoal  forming  the 
hearth,  remains  in  the  condition  of  cast-iron. 

After  making  up  the  pile,  the  second  portion  of  the  pre- 
vious lump  is  re-heated,  and  when  this  is  done,  the  contents 
of  the  hearth,  having  subsided  into  a  uniform  level  surface, 
are  found  to  be  fined  sufficiently  for  the  formation  of  a  fresh 
lump  or  ball,  which  is  broken  out,  divided  into  two  parts, 
and  reserved  for  further  treatment.  These  parts  of  the  lump 
are  subdivided,  and  finally  finished  into  bars,  which  are 
hardened,  broken,  and  assorted  in  the  same  manner  as  in 
Styria.  The  ghief  variety  is  known  as  Kolberhtahl  or  Munz' 
kolberlstahl,  which  is  the  hardest  kind.  Kolberlstaht  in  smalt 
rods  weighing  5  lbs.  or  6  lbs.,  and  from  ij^  to  J  of  an  inch 
square,  is  called  Brescianstahl.  The  other  varieties  are  known 
as  Tannenbaumstahl,  long  or  short,  Stiickstakl,  Mockstahl,  and 
Refudi,  or  waste  steel,  which  is  unsuitable  for  any  purpose. 
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The  Brescian  steel  is  again  sorted,  chiefly  according  to  its 
size,  but  sometimes  also  according  to  the  appearance  of  its 
badlure  at  the  same  time,  after  having  hardened  the  bars 
and  rubbed  them  on  wood. 

As  in  this  process  the  same  hearth,  in  addition  to  its  usual 
work,  is  made  to  do  duty  alternately  as  a  refinery  and  re< 
heating  fire,  there  is  considerable  waste  both  of  time  and 
fuel.  The  loss  of  pig-iron  is  from  20  to  30  per  cent,  including 
the  re-heating ;  the  consumption  of  charcoal  is  from  40  to 
50  cubic  feet  per  cwt.  About  75  per  cent  of  the  produce  is 
good  steel,  and  is  harder  and  more  uniform  than  the  Styrian 
steel. 

Pichler*  has  improved  the  old  Carinthian  process  by  per- 
forming the  refining  of  the  pig-iron  and  the  re-heating  of  the 
blooms  at  the  same  time,  thus  saving  g-y  cubic  feet  of  char- 
coal per  cwt.  of  produced  steel,  besides  one-fifth  of  the 
working  time,  and  lessening  the  loss  of  iron  by  10  per  cent. 

The  Paal,  or  so-called  true  Brescian  Steel  Process  is 
very  similar  to  the  Carinthian  process,  and  differs  from  it  in 
certain  details  of  manipulation.  One  point  of  difference  is 
that,  in  re-heating  the  blooms,  they  are  dipped  into  the 
molten  metal  and  kept  for  some  time  immersed,  whereby 
they  undergo  a  kind  of  surface  hardening  by  cementation, 
and  acquire  hardness  and  tenacity.  The  finery  fires  em- 
ployed are  deeper  than  those  used  in  the  Carinthian  process, 
measuring  lo  inches  below  the  tuyere  to  the  hearth  bottom 
of  stamped  coal,  which  helps  the  melted-down  metal  to  keep 
liquid ;  also  the  tuyere  has  a  greater  inclination  (16  to  20°). 
This  process  yields  the  best  steel,  but,  on  the  other  hand,  it 
consumes  nearly  50  cubic  feet  of  charcoal  per  100  lbs.  of 
Kolberlstahl,  and  causes  a  loss  of  15  or  20  per  cent. 

The  Tyrolese  Method  is  between  the  Styrian  and  Carin- 
thian processes ;  it  has  borrowed  the  constniilion  of  the 
hearth,  the  mode  of  refining  and  of  melting  down,  from  the 
Carinthian  process,  and  the  mode  of  re-heating  the  blooms 
and  the  conduct  of  the  fining  process  from  the  Styrian 
method.  The  resulting  steel  and  consumption  of  coal  have 
been  mentioned  on  page  49. 

*  Lbob.,  Jahrb.,  1863,  xi.,  303. 
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The  hearths  used  in  the  process  allow  the  produiftion  of 
steel  and  iron  alternately  without  any  alteration  in  the  hearth 
itself  or  in  the  direAion  of  the  blast. 

This  process  is  used  in  PiUersee. 

Steel  Finery  Processes  with  Pig-iron  which  comes 
to  Nature  with  difficulty. 

Siegen  Raw  Steel  Finery  Process. — This  process  treats 
spiegeleisen.  The  finery  fires  or  hearths  employed  are  repre- 
sented by  Figs.  2  and  3.    The  bottom,  b,  is  formed  of  loam 

FiQ.  2. 


resting  upon  a,  and  supporting  the  bottom  constructed  of 
fine-grained  sandstone  put  together  as  closely  as  possible. 
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tbe  interstices  being  filled  in  with  powdered  sandstone.  Much 
depends  upon  the  quality  of  the  sandstone;  it  should  not  be  too 
coarse  in  grain  nor  have  too  great  a  tendency  to  crack  or  fly. 
Veiy  good  stone  will  last  for  the  production  of  8  or  lo  lumps 
or  steel  cakes.  The  tuyere  plate,  d,  inclines  from  iz'to 
15°  inwards';  the  opposite  plate,  e,  is  either  vertical  or  inclines 
a  little  outwards  so  as  to  facilitate  the  drawing  out  of  the 
finished  product.  The  back  plate,/,  has,  for  the  same  reason, 
an  inclination  outwards ;  ^  is  a  homontal  iron  plate  on  the 
top  of  the  plate,  e;  his  the  working  plate ;  t  is  a  box  below 
this  working  plate  provided  with  a  larger  hole  for  emitting 
the  cinder ;  k  is  the  semicircular  tuyere  15  or  17  lines  wide 
and  7  or  8  lines  high,  with  an  inclination  of  2  or  3  degrees. 
The  blast  pipe,  I,  9  or  10  lines  in  diameter,  has  an  in- 
clination of  from  15  to  20  degrees ;  its  nozzle  is  i^  or  i^  inches 
distant  from  the  nozzle  of  the  tuyere.  The  quantity  of  blast 
introduced  amounts  to  81  cubic  feet  per  minute,  with  a  pres- 
sure of  1}  lbs. 

The  following  is  the  manipulation  of  the  process  : — Over 
the  hearth  bottom  is  spread  a  thin  layer  of  hammer  slag  and 
some  rich  slag,  upon  this  a  layer  of  burning  charcoal, 
and  the  hearth  is  filled  up  with  charcoal.  30  or  40  lbs.  of 
white  or  mottled  pig-iron,  which  attains  the  steel  nature 
more  speedily  than  spiegeleisen,  are  now  melted  down  with 
the  application  of  a  strong  blast  in  order  to  form  the  bottom 
of  the  lump.  This  iron  will  remain  thinly  liquid  for  some 
time,  and  ^en  gradually  attain  a  pasty  consistence,  when 
the  poor  cinder  is  tapped  off  so  as  to  remain  on  the  hearth 
2^  inches  high  only.  The  charge  of  spiegeleisen  is  melted 
down  in  small  quantities,  the  first  portions  gradually  de- 
creasing from  80  lbs.  to  60  lbs.  At  the  regular  process  the 
melted-down  spiegeleisen  dissolves  the  metal  in  the  hearth, 
forming  a  mass  of  the  consistency  of  soft  butter.  The  greater 
part  of  the  sl^  is  tapped  off  after  the  melting  down  of  each 
portion,  which  causes  the  fiame  to  become  brighter.  The 
fifth  portion  of  spiegeleisen  to  be  melted  down  weighs  40  or 
45  lbs.,  the  sixth  36  lbs.,  and  the  seventh  20  lbs.  These 
after  charges  are  made  after  ascertaining  that  the  process  is 
is  going  on  properly,  from  the  nature  of  the  slag  which  sticks 
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to  the  finer's  rod,  and  continues  white-hot  some  time  after 
it  is  drawn  out.  The  lump  ultimately  obtained  weighs 
about  4  cwts.,  and  the  time  required  is  about  8  hours.  This 
lump  is  hammered  into  a  cake  and  divided  into  seven  or 
eight  pieces,  which  are  re-heated  in  the  finery  hearth  and 
tilted  into  bars ;  these  then  are  hardened,  broken,  and  assorted 
into  good  hard  steel  (noble  steel)  and  steel  intermixed  with 
iron  (mittelktlr).  The  loss  in  re-heating  is  about  2oJ-  per 
cent ;  the  loss  on  pig  is  30  per  cent,  100  lbs.  yielding  70  lbs. 
of  steel,  of  which  about  |  are  of  good  quality  and  capable  of 
being  properly  hardened,  and  the  remainder  is  mild  steel  or 
steely  iron.  From  19  to  20  cubic  feet  of  coal  are  consumed 
per  100  lbs.  of  the  produdt. 

In  1863  the  produ(5lion  at  Siegen  was  about  127,868  lbs.  of 
natural  steel  and  465,656  lbs.  of  puddled  steel. 

The  Siegen  raw  steel  finery  process  is  also  used  in 
Sweden,*  where  the  annual  production  of  raw  steel  is  from 
500  to  1000  cwts. 

North  German  Rav?  Steel  Finery  Process,  Treating 
Mottled  or  Grey  Pig-Iron. — ^This  process  is  similar  to  the 
Siegen  process,  but  less  inclined  tuyeres  are  employed 
(10°  or  12°),  the  portions  of  the  charge  are  smaller  (25  or 
30  lbs.),  and  the  fining  is  effefted  at  a  strong  blast  and  a 
lively  ebullition,  whilst  the  mass  is  continually  stirred  with 
oxidising  substances  until  the  slag  sticking  to  the  finer's  rod 
shows  the  proper  white  appearance.  The  coals  are  then 
removed  from  the  fire,  and  the  lump,  weighing  from  160  to 
i$o  lbs.,  is  cooled  and  treated  in  the  usual  manner.  If  the 
process  is  interrupted  before  the  lump  attains  its  proper 
fineness,  the  resulting  produift  is  very  hard  without  duiftility 
or  weldability  (so-called  mild  steel),  and  is  sometimes  used 
for  drawing  plates,  for  wire  drawing. 

In  Upper  Silesiat  and  Westphalia  a  finery  fire  produces 
25  cwts.  of  raw  steel  weekly,  at  a  loss  of  28  to  30  per  cent, 
and  at  a  consumption  of  from  30  to  36  cubic  feet  of  charcoal 
per  cwt.  of  steel. 

*  TvNHBR,  daa  Ei««nhuttenweien  in  Schweden,  1858,  p.  83.     B.  a.  h.  Ztg., 
1863.  p.  239. 
f  PreuM.  ZtBchr.,  iti.,  379. 
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The  0neTy  fire  fonnerly  used  at  Konigshtitte  in  the  Hartz 
was  a  feet  lo  inches  long,  2  feet  2  inches  broad,  and  below 
the  tuyere  to  the  bottom  5^  inches  deep.  The  tuyere  in- 
clined 14°  and  projected  3^  inches  into  the  hearth,  coo- 
duAing  the  blast  to  the  middle  of  the  hearth  in  such  a 
manner  that,  on  rebounding,  it  was  dire(fted  more  towards 
the  front  than  the  other  sides  of  the  hearth.  A  charge  con- 
sisted of  from  2  to  2^  cwts.  of  white  specular  pig-iron, 
100  lbs.  of  which  yielded  77  lbs.  of  raw  steel,  at  a  consump- 
sion  of  28  or  39  cubic  feet  of  charcoal  per  cwt.  of  produft. 

The  Dauphin6  or  Rivois's  Raw  Steel  Finery  Process. — 
Darkish  grey  pig-iron  is  treated  by  this  process  in  chaises 
of  25  cwts..  The  finery  fires  are  from  20  to  28  inches  long, 
from  17  to  24  inches  broad,  and  from  23  to  29  inches  deep  ; 
the  bottom  lies  from  16  to  19  inches  below  the  tuyere.  At 
the  commencement  of  the  process  the  tuyere  is  in  a  nearly 
horizontal  position,  and  later  on  it  is  inclined,  emitting  the 
blast  with  a  pressure  of  2  lines  mercury.  The  pig-iron  is 
melted  down  in  4  or  3  hours  with  a  strong  blast  on  the 
hearth  bottom  of  stamped  charcoal,  and  is  then  refined  by 
means  of  oxidising  substances,  and  the  blast,  which  is  intro- 
duced at  a  strong  inclination  ;  and  after  about  2  hours  it 
becomes  thickly  liquid  and  begins  to  form  crusts  on  the 
edges.  Now  begins  the  first  stage  of  the  fining  proper ;  all 
the  poor  cinder  is  tapped  off,  the  coals  are  removed,  and  the 
mass  is  allowed  to  cool  until  it  attains  a  pasty  consistency  ; 
the  metal  is  then  covered  again  with  burning  coal  and 
abundant  additions  of  hammer  slag  are  stirred  into  it,  when 
a  violent  ebullition  will  take  place,  and  after  from  S  ^(^  7 
hours  a  half-fined  spongy  crust  of  pig-iron  will  be  formed  on 
the  surface  of  the  metal.  This  is  the  point  where  the  second 
stage  of  the  process  commences  ;  the  crust  is  broken  up  into 
five  or  six  pieces,  which  are  immersed  and  turned  for  about 
^  of  an  hour  in  the  rich  liquid  cinder,  and  thus  brought  to 
nature  and  shingled  under  the  hammer.  Oxidising  fluxes 
are  then  mixed  with  the  mass  remaining  in  the  hearth,  thus 
forming  a  second  crust,  which  is  treated  like  the  first,  and 
tlie  process  is  thus  continued  until  the  whole  charge  is 
worked  up-     One  operation  takes  from   18  to  24  hours. 
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i6  cubic  feet  of  charcoal  are  consumed  per  loo  lbs.  of  raw 
steel  at  a  loss  of  8  or  9  per  cent.  The  resulting  product  re- 
quires a  most  careful  sorting,  as  the  first  blooms  are  nearly 
wrought-iron,  whilst  the  last  are  still  veiy  rich  in  carbon. 

The  chemical  reaftions  of  this  process  are  explained  by 
Lan*  (page  50).  Its  results  are  extremely  uncertain  and 
the  process  is  fast  becoming  obsolete. 

Mr.  Charles  Sanderson,  of  Sheffield,  has  patented  a  process 
which  is  described  in  Ure's  "  Diftionary  of  Arts  and  Mines,'* 
iii.,  757,  thus : — "  The  crude  iron  is  melted  on  the  bed  of  a 
reverberatoiy  furnace,  and  any  chemical  reagent  is  added 
capable  of  disengaging  oxygen  during  its  decomposition. 
Carbonic  oxide  or  carbonic  acid  gases  are  produced  by  the 
union  of  the  oxygen  with  the  carbon  contained  in  the  fiuid 
iron  which  is  thus  eliminated ;  the  gases  so  produced,  being 
unable  to  re-enter  the  metal,  either  pass  off  in  vapour  or  aA 
upon  the  silicates  or  other  earthy  compounds  which  the 
crude  iron  may  contain,  precipitating  the  metallic  part  and 
allowing  the  earthy  matter  to  flow  away  as  slag;  a  refined 
metal  is  thus  produced  of  very  great  purity  for  the  produc- 
tion of  steel.  The  metal  itself  is  to  some  extent  decarbonised, 
the  steel  is  more  quickly  produced,  which  secures  economy 
in  charcoal,  time,  and  waste  of  metal,  &c. ;  the  purity  of  the 
metal  also  prevents  the  formation  of  those  deleterious  com- 
pounds which,  when  they  are  incorporated  with  the  steel, 
seriously  injure  the  quality.  Natural  steel  manufactured 
from  this  purified  iron  has  been  found  of  very  superior  quality 
and  more  uniform." 

ProduAion  of  Steel  by  Puddling. 
The  first  attempts  to  produce  steel  by  the  puddling  process 
were  made  in  1835  at  Frantschacht  in  Carinthia  by  Schlegel 
and  Miiller,  who  already  comprehended  all  the  conditions 
which  later  on  were  found  to  be  required  for  the  condudl  of 
the  process  of  puddling  steel.  But  as  at  that  time  the 
puddling  of  iron  was  very  remunerative,  and  as  no  steel  could 

*  B.  n.  b.  Zlg.,  1B60,  pp.  i3i,  441. 

t  Leob.,  Jahrb.,  1853,  iil.,  aSi ;  1837,  vi.,  93.  Oeiterr.  Zucbi.,  1S55,  p.  404. 
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produced  by  the  puddling  process  equal  in  quality  to  the 
Carinthian  raw  steel,  the  matter  was  allowed  to  drop.  Also 
trials  made  at  various  other  places,  at  Siegen  in  1838,  at 
Eibiswald  in  1849,  at  Hagen  in  1840,  later  on  at  Wasseral- 
fingen,  Limbui^,  on  the  Lenne,  &c.,  did  not  yield  satis- 
hL&.OTy  results,  as  no  uniform  produift  could  be  produced.* 
It  was  not  until  the  year  1S50  that  good  puddled  steel 
was  produced  in  the  iron  works  of  Messrs.  Lehrkind,  Fal* 
kenroth  and  Co.  at  Haspet  in  Westphalia,  following  the  sug- 
gestions of  the  chemist  Lohage ;  and  the  steel  puddling  pro- 
cess has  since  found  a  general  introduction.  The  process  was 
introduced  into  England  by  Mr.  E.  Riepe,  who,  according  to 
the  official  catalogue,  was  the  agent  of  Messrs.  Lehrkind, 
Falkenrotb,  and  Co.  during  the  Universal  Exhibition  in  1851. 
Hence  the  process  is  known  here  as  Riepe's  process. 

Comparison  of  Puddled  Steel  with  Raw  StecLt — Puddled 
steel  is  cheaper  than  raw  steel,  and  sometimes,  also,  softer 
(page  39),  as  the  steel  balls  produced  by  the  puddling  process 
contain  more  intermixed  slag  than  the  balls  resulting  from 
the  finery  process,  the  removal  of  which,  by  repeated  re- 
heating and  forging,  gives  rise  to  agreater  oxidation  of  carbon. 
Puddled  steel  is  also  liable  to  lose  more  or  less  of  its  carbon 
according  to  how  quickly  after  their  formation  the  balls  are 
withdrawn  from  the  furnace,  and  tbus  excluded  from  the 
influence  of  the  air  and  slag. 

Whilst  cement  steel  may  be  tempered  to  any  degree  of 
hardness,  this  may  also  be  done  with  puddled  steel,  though 
with  less  security.  However,  advances  have  been  made  in 
the  produiftion  of  puddled  steel  (the  employment  of  higher 
temperatures,  a  suitable  constru<5tion  of  the  puddling  fur- 
naces, the  employment  of  poorer  slags  and  of  a  suitable  pig- 
iron,  proper  manipulations,  &c.,)  which  have  improved  the 
produft  so  that  it  may  replace  raw  steel||  {page  41).  It  is 
even  possible  to  produce  steel  successfully  by  the  puddling 
process,  from  common  charcoal  pig-iron  and  certain  kinds  of 

•  Bgwka.,  xvii.,  4. 

t  Lbob.,  Jahib.,   1852,  ii.,  186.    Polyt.  C«ntr.,  1857,  p.  603.    B.  u.  h.  Ztg., 
i860,  p.  234. 
1  Lbob.,  Jahrb.,  1853,  hi.,  iSS.    B.  n.  b.  Ztg.,  t86o,  p.  134. 
I  B.  a.  b.  Ztg.,  i860,  p.  333. 
VOL.  HI.  F 
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coke  pig,  which  do  not  yield  a  useful  steel  when  treated  in 
finery  fires,  as  the  process  in  reverberatory  furnaces,  with  a 
judicious  selection  of  the  fluxes,  allows  a  more  secure  condudl 
of  the  operation.  For  this  reason  the  steel  finery  process  is 
superseded  more  and  more  by  the  steel  puddling  process,  and 
charcoal  is  reserved  for  the  blast  furnace  process,  the  more  so 
as  the  puddled  steel  is  cheaper,  more  easily  worked,  and  ap- 
plicable to  more  purposes  than  the  raw  steel.  Mallet  has 
proved  by  a  number  of  experiments  that  puddled  steel  is 
not  one  of  the  best  kinds  of  steel,  but  that  it  may  be  used  for 
many  purposes  for  which  cast -steel  would  be  too  expensive. 

Cementation  hardens  puddled  steel. 

The  quality  of  the  puddled  steel  is  influenced  by  the  nature 
of  the  raw  materials  and  the  mechanical  treatment  of  the 
steel  (page  6). 

Chemical  ReaAions. — According  to  the  investigations 
made  by  Janoyer,*  Lan.f  Gruner.t  Schilling,||  Zander,^  and 
others,  the  chemical  reactions  of  the  steel  puddling  process 
are  similar  to  those  of  the  puddling  process  for  the  produc- 
tion of  wrought-iron  (vol.  ii.,  page  834). 

Upon  melting  down  a  pure  thinly  liquid  pig-iron  with  an 
addition  of  oxidising  fluxes,  a  refining  of  the  pig-iron  takes 
place,  that  is,  an  oxidation  of  the  greater  part  of  silicon, 
manganese,  phosphorus,  and,  at  last,  of  the  sulphur,  whereby 
the  slags  become  poorer,  and  the  proportion  of  carbon  may 
even  increase.  When  decreasing  the  temperature  and  em- 
ploying a  more  reducing  flame,  the  metal  bath  attains  a  pasty 
consistency,  and  upon  stirring  or  puddling  the  mass  properly, 
an  ebullition  takes  place,  and  the  carbon  and  remaining 
foreign  substances  become  oxidised  by  the  slags.  The  stirring 
is  then  continued  at  an  increased  temperature  until  the 
ebullition  ceases,  and  the  formation  of  the  steel  is  indicated 
by  the  light  glowing  and  the  weldability  of  the  grains  of 
metal  which  cohere  and  sink  down  in  the  liquid  slag.    At 

*  B.  u.  h.  Ztg.,  1S60,  p.  150. 

t  Ibid.,  1S60,  pp.  331, 431,  442. 

t  Ibid.,  i860,  p.  333. 

K  Ibid.,  i860,  p.  313. 

f  PreiiM.  Ztschr.,  zi.,  tjg. 
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the  fonnation  of  the  balls,  which  commences  now,  the  air 
must  be  excluded  as  much  as  possible,  the  oxidising  a«5lion 
of  the  slag  must  be  prevented  by  employing  poorer,  more 
thinly  liquid  slags,  and  the  balls  must  be  quickly  shingled. 

The  chemical  changes  going  on  in  the  process  have  been 
investigated  by  Lan,  Schilliag,  and  others.  The  following 
are  the  results  of  Lan's  investigation  : — 

I.  II.  III.  IV. 

C     .     .    .     .    3*980        5*2ao      4*690      3*50 

Si    ...    .     1*658        1*059      0*480      0*20 

S     .     .    .     .    trace         —  —  — 

Mn ....     i"o55        0*716      0*475     trace 

No.  t  shows  the  composition  of  the  pig-iron  employed. 

No.  2,  the  metal  at  the  end  of  the  second  period,  when  the 

metal  bath  was  perfei5lly  liquid.   No.  3,  the  metal  a  quarter  of 

an  hour  later,  before  the  melting  mass  began  to  thicken  and 

strongly  rise.  No.  4,  25  or  30  minutes  afterwards,  the  metal 

having  risen  to  its  maximum. 

Lan*  has  likewise  analysed  slags  of  different  periods  of  the 
steel  puddling  process  : — 

I.  II.  in.  IV. 

SiOj    .     .    .     14*50      17*50      15*00      14*50 
FeO    .     .     .    83*12      81*14      82'oo      83'5o 
MnO,  CaO    .      2*38        1*36    ~  3*00        2*00 
The  oxygen  ratio  ofacidtobase  in  these  slags  is  i :  2 — 2*5. 
The  composition   of  some    other   slags    from  the   steel 
paddling  process  is  shown  by  the  following  analyses : — 
1.  ir.  III. 

SiOj 26*0  23*5  i7'8 

AUOj      ....      6-8  3*3  1*8 

FeO 55*9  66*0  69*1 

MnO 10*5  8*4  9*4 

CaO 0"6  —  0*4 

MgO —  —  0*4 

S —  —  0-9 

No  1  is  a  slag  from  Lohhlltte  in  Siegen,  analysed  by 
Schnabel ;  it  results  from  a  process  treating  very  thinly 
liquid  pig'iron  which  comes  to  nature  difficultly,  and  yielding 
a  very  good,  pure  puddled  steel.    The  specific  gravity  of  the 

*  B.  D.  h.  Ztg.,  iSGo,  pp.  1S3,  324,  343. 
P  2 
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slag  is  3*643.     The  proportion  of  oxygen  is  i6'69 :  14*95  ; 
its  formula — 

5(3FeO,Si03)  +  3(MnO,CaO)2Si03  =  i3(3FeO,Si03) + 
+  2(6FeO,Si03). 
No.  2  is  a  slag  from  the  same  place  produced  from  a  more 
thinly  liquid  iron.     Its  specific  weight  is  4*127;  its  propor- 
tion of  oxygen  13*75  =  16*56,  and  its  formula — 

4{3Fe0,SiO3)  +  3(2Fe0,SiO3)  +  3(6FeO,SiO3). 
No.  3  is  a  slag  from  Firminy  obtained  at  a  process  carried 
on  with  an  addition  of  chloride  of  sodium,  analysed  by 
Gruner.*     The  proportion  of  oxygen  is  9*25  :  19*16. 

Schilling  gives  the  following  as  the  resultst  of  the  composi- 
tion of  the  metal  and  slag  at  different  points  of  the  process, 
as  carried  out  at  Zorge  in  Brunswick.  The  charge  consisted 
of  white  pig-iron  from  Gittelde  and  grey  from  Zorge,  mixed 
in  equal  quantities.  The  fuel  employed  in  the  blast  furnace 
was  charcoal,  the  consumption  being  at  the  rate  of  100  lbs. 
/or  every  87  lbs.  of  pig-iron  produced  : — 

Analyses  of  Iron  taken  at  different  Stages  of  Puddling. 

I.  II.         III.        IV.         V. 

Graphitic  carbon    .  o*o8  2'i3    I'li  —       — 

Combined  carbon  .  2*60  1*03     i'8l  2*49  2*36 

Sulphur   ....  0*09  0*109  0*10  0*03  0*027    ■ 

Phosphorus  .    .    .  0*48  0*46    0*47  0*24  0*17 

Silicon     ....  0*99  1*50    1*24  0*34  0*16 

Manganese   .     .     .  2*01  1*13     1*66  0*47  0*47 

VI.         VII.      VIII.        IX.  X. 

Graphitic  carbon   .      —       —       —       —       — 
Combined  carbon  .    2*26    1*77    1*33    1*08    0*94 
Sulphur   ....    o'oi2        traces  throughout 
Phosphorus  .    .    .    0*11    0*08    0*071  0*075  0*075 
Silicon      ....     0*11     o'll     O'll     o*li     O'll 
Manganese  .     .    .    0*47    0*31    0-31    0*27    0*27 

No.  I  is  white  pig-iron  from  Gittelde, 

No.  2,  grey  pig-iron  from  Zot^ge. 

No.  3,  mean  composition  of  charge. 

•  B.  o.  h.  Ztg.,  i860,  p.  366. 

t  Baubkman's  TreatiM  on  MeUllnrgj  of  IroD,  p.  344. 
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No.  4,  charge  after  melting-down,  47^^  minutes  from  the 
commencement  of  the  process. 

No.  5,  metal  at  the  commencement  of  rising,  18^  minutes 
from  the  preceding. 

No.  6,  metal  during  boiling,  14  minutes  later  than  No.  5. 

No.  7,  another  sample  during  boiling,  17  minutes  later 
than  No.  6. 

No.  8,  granules  of  steel  commencing  to  separate,  14I 
minutes  later. 

No.  9,  sample  taken  at  the  fortnation  of  the  first  ball, 
9  minutes  later. 

No.  to,  sample  taken  at  the  formation  of  the  last  ball, 
9  minutes  later. 

The  metal  of  the  sample  No.  3  was  tough,  strong  cast, 
iron ;  No.  4,  taken  after  five  tools  had  been  heated  in  rabbling, 
was  stronger  than  the  preceding,  but  of  a  tin-white  colour ; 
No.  5  was  veiy  cellular  and  resembled  white  pig-iron,  but 
was  slightly  malleable  ;  No.  6  was  decidedly  malleable,  and 
apparently  possessed  most  of  the  properties  of  steel,  notwith- 
standing the  large  amount  of  carbon  present.  No  increase 
of  carbon  was  observed  in  the  earlier  stages  of  the  process, 
as  recorded  by  Calvert,  Johnson,  and  Lan.  Schilling 
ascribes  this  difference  to  the  use  of  a  gas  furnace,  and  the 
introdudtion  of  an  excess  of  air  into  the  furnace  by  the  top 
blast. 

Corresponding  Composition  of  Slags. 

IV.  V.  VI.  Vil. 

Silica ao'98  20*51  20T2  2o'34 

Phosphoric  acid     .     .    .  5"25  5'25  5*25  5*25 

Peroxide  of  iron     .    .    .  7'r2  4-09  4-12  5-20 

Protoxide  of  iron     .     .     .  58*98  62"03  62*14  61*20 

Alumina 2*78  2*82  2*87  2*87 

Protoxide  of  manganese  .  1*64  1*64  1*64  1*64 

Lime 1*84  2*14  2*04  1-69 

Magnesia 1*62  1*51  i"63  1-52 

Alkalies 0*93  0-82  —  — 

Sulphuric  acid    ....  trace  not  determined 

ioi'i4  loo'Sx  100*68  100*58 
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VIII.  IX.  X. 

Silica 20'27    20'40    20*52 

Phosphoric  acid  .     .     .  5-25      525      5-25 

Peroxide  of  iron.      .    .  5'2o      4*95      6*24 

Protoxide  of  iron  .    .     .  61-20    6i'34    59'88 

Alumina 2'9i      3*05      2'86 

Protoxide  of  manganese  i'64      i'64      i"64 

Lime 2'i2      i'72      1-69 

Magnesia 2*04      i*8i      179 

Alkalies assumed  at  0*87 

Sulphuric  acid ....         not  determined 

ioi"50  loi'oj  10074 
In  these  slags,  which  are  nearly  uniform  in  composition 
throughout,  the  oxygen  ratio  of  acid  to  base  is  as  ii'687  : 
i8'2i2,  or  nearly  z  :  i^  of  sesquibasic  silicate.  This  is 
supposing  the  peroxide  of  iron  to  be  in  combination  with 
silica,  and  not  replacing  it.  The  large  and  constant  amount 
of  phosphoric  acid  is  ascribed  not  to  the  oxidation  of  phos- 
phorus contained  in  the  pig-iron,  which  is  obviously  in 
too  small  a  quantity  to  produce  such  an  effedt,  but  to 
the  ash  of  the  wood  burnt  in  the  gas  generator,  and  carried 
over  by  the  draught,  owing  to  the  defeftive  arrangement  of 
the  ash  pit. 

Comparison  of  the  Puddling  Process  for  the  Produtftion 
of  Iron  with  the  Steel  Puddling  Process. 

In  comparison  to  the  puddling  process  for  the  produtflion 
of  wrought-iron,  the  produdtion  of  good  ^teel  necessitates 
the  following  requirements  : — 

I.  A  Pure,  Thinly  Liquid  Pig-iron,  for  the  reason  that 
the  oxidising  reat^ion  of  the  slags  upon  the  carbon  must  be 
limited.  From  an  impure  pig-iron,  which  comes  to  nature 
easily,  the  foreign  admixtures  could  not  be  sufficiently  sepa- 
rated, and  if  that  were  done  the  resulting  produft  would  be  too 
poor  in  carbon.  All  kinds  of  white  pig-iron  poor  in  carbon 
which  come  to  nature  easily,  and  also  the  kinds  of  grey  pig 
rich  in  silicon  and  produced  from  a  refraftory  ore  mixture, 
as  well  as  the  easily  fusible  sorts  of  lightish  grey  sulphurous 
and  phosphoric  pig-iron,  are  therefore  excluded  from  the 
steel  puddling  process.     The  best  materials  are   the  pure 
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manganiferous  kinds  of  pig-iron  rich  in  caH)on,  such  as 
spiegeleisea  (vol.  ii.,  page  712),  and  flowery  pig-iron  (vol.  ii., 
page  711),  and  also  grey  pig-iron  of  the  regular  process 
(vol.  ii.,  page  713) ;  the  latter  iron  is  best  when  it  has  been 
produced  from  charcoal  blast  furnaces ;  on  the  other  hand 
pure  lightish  grey  coke  pig-iron  also  gives  good  results, 
chiefly  when  containing  a  larger  proportion  of  manganese, 
as  for  example  coke  pig-iron  produced  from  some  Scotch 
blackband.  Clay*  obtained  equally  good  results  from  hot 
and  cold  blast  pig-iron. 

White  thickly  liquid  pig-iront  cannot  be  employed,  chiefly 
owing  to  its  small  amount  of  carbon,  and  an  addition  of  spie- 
geleisen  even  will  not  produce  a  homogeneous  produ£l.  The 
greatest  effeifl  is  obtained  by  a  certain  amount  of  manganese 
(vol.  ii.,  page  771),  contained  in  the  pig-iron,  which  amount 
cannot  be  replaced  by  the  addition  of  brown  stone  (page  32) ; 
for  this  reason  refined  metal  is  not  6t  material,  as  it  has  been 
deprived  of  the  greater  part  of  its  manganese,  and  as  the 
remaining  part  is  not  sufficient  to  prevent  the  oxidation  of 
the  carbon  during  the  melting  down  of  the  pig-iron.  Grey 
pig-iron,  even  if  converted  into  white  metal  by  the  refining 
process,  loses  its  carbon  more  slowly,  as  the  greater  part  of 
its  silicon  must  be  separated  by  the  slags,  before  the  oxida- 
tion  of  the  carbon  by  means  of  those  slags  can  take  place. 
According  to  this  behaviour  of  the  pig-iron  more  or  less 
oxidising  fluxes  must  be  added  at  the  operation  of  melting 
down,  or  the  thinly  liquid  pig-iron  is  mixed  with  the  thickly 
liquid  kind.  As  the  melting  down  is  effe(5ted  at  a  very  high 
temperature,  a  pig-iron  rich  in  silicon  would  yield  a  thinly 
liquid  poor  slag,  strongly  attacking  the  walls  and  bottom  of 
the  furnace ;  a  manganiferous  slag  does  not  reaft  so  un- 
favourably, although  it  is  also  thinly  liquid. 

Spiegeleisen  and  grey  pig-iron,  which  are  thinly  liquid  by 
themselves,  must  be  brought  to  the  highest  possible  degree 
o{  liquidity  by  employing  a  high  temperature  in  order  to 
protract   the  decarbonisation,  as  the  slag  which  becomes 

*  B.  u.  h,  Ztg..  1858,  p.  163. 
t  Bgwktd.,  i%i,p.  153. 
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thinly  liquid,  at  the  same  time  protects  the  Iron  from  contaA 
with  the  air ;  the  thinly  liquid  slag  also  mixes  less  with  the 
iron,  thus  lessening  its  decarbonising  reaftion.  It  appears 
also  that  the  perfedtly  liquid  state  much  facilitates  the 
separation  of  the  impurities,  and  the  thinly  liquid  state 
allows  a  prolonged  and  uniform  rabbling,  which  essentially 
influences  the  uniformity  of  the  produft.  In  order  to 
perform  the  process  more  quickly  and  with  greater  security, 
the  charges  at  the  steel  puddling  process  are  taken  50  or 
lOD  lbs.  lighter  than  those  used  in  the  puddling  process  for 
wrought-iron. 

.  2.  A  High  Temperature. — For  reasons  already  given  the 
Bteel  puddling  process  in  its  first  stages,  that  is,  the  melting- 
down  and  the  stirring  or  rabbling,  is  ef!e£led  at  a  higher 
temperature  than  that  used  in  the  puddling  process  for 
wrought-iron ;  on  the  other  hand,  the  formation  of  the  steel 
balls  is  effected  at  a  lower  temperature,  because  at  this 
stage  of  the  process  the  flame  must  chiefly  be  of  a  reducing 
nature. 

3.  The  Slag,  with  regard  to  its  Quality  and  Quantity.— 
Fluxes,  more  or  less  oxidising  according  to  the  nature  of  the 
pig-iron,  are  added  in  the  operation  of  melting-down,  and, 
at  the  latter  part  of  the  puddling  process,  the  presence  of  a 
larger  quantity  of  poor  (and  therefore  slightly  oxidising)  slag, 
in  a  state  of  great  liquidity,  is  chiefly  required,  in  order  to 
Hceep  the  finished  steel  as  much  as  possible  from  contact  with 
atmospheric  air.  A  basic,  thickly  liquid  slag,  such  as  that 
used  in  the  puddling  process  for  wrought-iron,  would  facilitate 
the  fining  and  impair  the  hardness  and  purity  of  the  steel. 

The  decarbonising  a^ion  of  the  slag  is  regulated  by  an 
addition  either  of  rich  slags  and  hammer  slag,  or  of  clay,* 
quartz,  and  poor  slags,  if  the  pig-iron  contains  a  sufficient 
proportion  of  manganese  to  render  the  slag  thinly  liquid ; 
in  some  cases  purifying  fluxes,  such  as  Schaf  hautl's  powder, 
brownstone,  common  salt,  &c.,  are  added  if  they  are  not  too 
expensive,  as  they  at  the  same  time  facilitate  the  liquidity 
of  the  slags. 

*  B.  n.  fa.  Ztg.,  185S,  p.  163. 


,;  Google 


COMPARISON  OF  THE  PUDDLING  OF  STEEL  AMD  IRON.     73 

Lan*  and  Grunert  recommend  the  formation  of  a  slag 
consisting  of  a  double  basic  silicate  of  oxides  of  iron  and 
manganese,  containing  8  or  10  per  cent  of  the  latter  oxide, 
wbich  slag,  being  highly  fusible,  exerts  no  strong  decarbon- 
ising action.  The  slag  must  be  less  basic  the  harder  the  steel 
is  intended  to  be.  It  is  preferable  to  induce  the  liquidity  of 
the  slag  by  adding  alkali  or  manganese,  and  not  by  a  larger 
proportion  of  silica. 

The  Suxes  are  eithercharged  into  the  furnace  together  with 
the  pig-iron,  which  is  mostly  done  when  treating  white  pig 
in  order  to  hasten  the  process,  or  they  are  added  after  having 
finished  the  melting-down,  t  In  the  latter  case,  the  quantity 
of  flux  to  be  added  depends  on  the  degree  of  fluidity  of  the 
pig-iron,  on  the  temperature  of  the  furnace,  and  on  the 
quantity  of  slag  produced  in  the  melting-down.  With 
cbat^es  of  about  350  lbs.,  from  40  to  60  lbs.  of  slags  of  the 
same  process,  or  of  a  mixture  of  re-heating  and  rich  puddling 
slags,  &c.  are  added,  whilst  continually  stirring  the  liquid 
metal.  The  decrease  of  temperature  thus  caused  facilitates 
the  fining,  and  must  be  corrected  by  a  strong  firing  until  in 
a  ^  or  ^  an  hour  it  has  again  become  sufficiently  soft. 

An  addition  of  brownstone  or  of  chloride  of  sodium,  or  an 
admixture  of  both  (from  4  to  8  lbs.)  in  the  proportion  of  i  to 
2  is  sometimes  added  during  the  operation  of  melting-down, 
and,  if  necessary,  repeated  later  on. 

When  adding  the  fluxes  after  the  operation  of  melting- 
down,  the  temperature  of  the  furnace  can  be  less  controlled 
than  in  the  other  method,  and  the  removal  of  the  foreign 
admixtures  takes  place  less  perfectly,  as  on  re-heating  the 
mass  a  decarbonisation  and  purification  take  place  at  the 
same  time.  This  disadvantage  is  of  less  consequence  if  the 
pig-iron  under  treatment  is  pure,  the  spiegeleisen  in  Siegen 
and  Styria  for  instance.  Sometimes,  after  having  made  the 
addition  of  slag,  when  the  melting  mass  commences  to  rise, 
from  20  to  40  lbs.  of  pig-iron  are  charged  near  the  fire-bridge 
upon  a  layer  of  cinder ;  this  pig-iron  on  melting  unites  with 

•  B.  n.  h,  2tg.,  i860,  pp.  jss,  450. 

t  Ibid.,  i860,  p.  363- 

X  Oeat«n-.  ZUdu.,  iSGj,  p.  17a.  B.  u.  h.  Ztg.,  1S55,  p.  1S3 ;  1S60,  p.  358. 
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the  boiling  mass  and  increases  the  proportion  of  carbon 
(Riepe's  method). 

4.  The  different  Operations  of  the  Process. — a.  The 
Melting-down,  as  has  been  before-mentioned,  is  performed 
at  a  higher  temperature  than  that  used  in  the  puddling  pro- 
cess for  wrought-iron  ;  the  temperature  must  be  as  uniform 
as  possible,  and  the  melting-down  is  finished  in  42  or  45 
minutes ;  the  dimensions  of  the  furnace  must  be  suitably 
chosen  so  as  to  allow  a  shortening  of  this  operation,  in  order 
to  lessen  the  oxidising  reaiftion  of  the  atmospheric  air. 

b.  The  Stirring  or  Rabbling,  before  the  iron  commences 
to  rise,  is  also  performed  more  carefully  and  at  a  higher  tem- 
perature (from  2  to  5  rabbles  more  are  used)  j  throwing 
water  into  the  fomace  would  in  most  cases  cool  it  too  much, 
and  so  impair  the  subsequent  stages  of  the  process.  The 
particles  of  metal,  which  on  rising  come  out  of  the  slag,  must 
be  of  finer  grain  than  those  in  the  puddling  of  iron.  Phos- 
phoric iron  does  not  form  such  fine  grains  as  iron  free  from 
phosphorus. 

c.  The  Fining  which  commences  when  the  metal  has 
risen  to  the  highest  point,  is  performed  by  repeatedly  working 
the  iron  mass  with  the  iron  tool,  at  the  same  time  keeping 
the  damper  closed  and  employing  a  smoky  flame;  in  working 
iron  the  damper  is  kept  partly  open.  When  puddling  iron 
the  fined  iron  is  shifted  from  one  place  to  another  several 
times ;  in  the  process  of  puddling  steel  the  operation  is  usually 
followed  diredlly  by — 

d.  The  Formation  of  the  Balls. — All  the  balls,  as  in  the 
puddling  of  iron,  or  only  half  of  them,  according  to  the  raw- 
ness of  the  steel  and  skilfulness  of  the  workmen,  are  formed 
before  they  are  shingled ;  sometimes  in  cases  when  the 
workmen  have  but  little  experience,  each  ball  is  shingled  as 
soon  as  it  is  finished,  in  the  meantime  a  new  ball  is  formed. 
The  re-heating  and  foiling  must  be  performed  carefully  at 
the  proper  temperature,  as  in  the  treatment  of  natural  steel 
(page  48).  In  the  puddling  of  iron  a  further  decarbonisation 
takes  place  in  the  operation  of  forming  the  balls,  but  this 
decarbonisation  is  avoided  as  much  as  possible  in  the  pro- 
duction of  puddled  steel.     The  longer  time  expended  in 
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Stirring  the  mass  is  balanced  by  the  quicker  formation  of  the 
balls,  and  the  circumstance  that  the  fined  metal  is  not  gene- 
rally shifted.  The  shingling  of  steel  must  be  performed  more 
carefully  than  that  of  iron.  The  time  consumed  in  puddling 
is  determined  chieSy  by  the  nature  of  the  pig-iron,  and  the 
time  used  in  puddling  different  kiads  of  iron  and  steel  stands 
in  the  following  proportion : — 

Fibmulnm.   Fimt-graiiud  Stul. 

mlbntH.  Bbiila.  DioiiM*. 

Melting-down 30 — 40  40 — 50  40 — 50 

Stirring  or  rabbling  .     .    .  30—35  45—55  45—5° 

Fining 15 — ao  20 — 25  20 — 25 

Shiftiiig  or  transfer  of  the 

fined  metal 10  3 — 5  — 

Formation  of  the  balls .    .  10  10  10 

115  — 125     118—130    115— 130 

5.  Consumption  of  Foel, — In  puddling  iron  this  consump- 
tion amounts  to  from  100  to  120  per  cent,  whilst  in  puddling 
steel  when  using  good  coal  in  lumps,  the  consumption  of  fuel 
amounts  to  from  125  to  130  per  cent,  or  even  to  from  140  to 
160  per  cent,  wjien  inferior  coal  is  employed.  This  also  is 
effected  by  the  method  adopted  for  cooling  the  furnace  side 
walls,  whether  it  be  done  with  air  or  with  water.  The  con- 
sumption amounts  to  190  per  cent,  if  the  coal  used  for  re- 
heating the  steel  balls  is  included. 

6.  L.OSS  of  Iron  in  the  Process. — ^The  loss  in  puddling 
steel  is  less  than  in  puddling  wrought-iron,  and  depends 
partly  on  the  nature  of  the  pig-iron  (it  is  larger,  for  instance, 
with  pig-iron  rich  in  manganese  and  silicon),  on  the  fluxes, 
on  the  condui5t  of  the  process,  and  also  on  whether  the  pro- 
duction of  an  ordinary  or  of  a  superior  steel  is  aimed  at.  The 
loss  in  puddling  alone  averages  from  6  to  9  per  cent,  and  it 
amounts  to  from  15  to  20  per  cent  if  we  include  the  loss  in 
re-heating. 

7.  Produ(5tion. — From  1800  to  2000  lbs.  of  shingled  steel 
balls,  or  from  1600  to  1900  lbs.  of  re-heated  and  rolled  steel 
are  produced  in  12  hours.  When  puddling  wrought-iron 
eight  or  nine  chains  are  made  in  12  hours,  and  six  or  seven 
chaises  when  puddling  steel. 
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8.  Coat. — Though  the  time  used  in  puddling  steel  and  iron 
is  nearly  equal,  the  cost  for  steel  Is  somewhat  higher,  owing 
to  the  smaller  charges,  the  frequent  repairs  of  the  furnace 
hearth,  the  more  expensive  fluxes,  &c.  However,  according 
to  Gniner,  the  extra  expense  for  puddling  steel  does  not 
exceed  20  or  25  francs  per  ton  in  comparison  to  the  cost  of 
puddling  fibrous  wrought -iron,  if  the  same  kinds  of  pig-iron 
are  employed  in  both  processes.  But  as  the  pig-iron  used 
for  the  produdlion  of  puddled  steel  is  always  of  good  quality, 
the  steel  is  proportionally  higher  in  price  than  wrought-iron. 
1000  kilos,  of  puddled  iron  are  produced  in  2-a  or  2*5  shifts, 
whilst  the  production  of  such  a  quantity  of  puddled  steel  re- 
quires from  27  to  3"3  shifts. 

9.  The  Conatruiition  of  the  Puddling  Furnaces. — The 
construAion  of  these  furnaces  is  similar  to  that  of  the  fur- 
naces for  the  production  of  fine-grained  wrought-iron  (vol.  ii., 
page  787),  and  it  differs  from  the  construction  of  a  common 
puddling  furnace  in  the  following  points  :— 

a.  Single  furnaces  only  are  employed,  as  they  permit  a 
better  control  of  the  process  than  double  furnaces,  and 
shorten  the  operation,  chieEy  in  its  last  stage^  in  consequence 
of  which  the  furnace  hearth  is  less  attacked,  and  the  oxidising 
reaction  is  lessened. 

h.  The  furnace  hearth  is  smaller  than  in  common  puddling 
furnaces,  the  grate  is,  therefore,  proportionally  larger,  thus 
rapidly  producing  high  temperatures  in  the  furnace,  which 
is  also  facilitated  by  a  sufficiently  high  chimney.  The  chim- 
ney must  be  provided  with  a  well  fitting  damper,  allowing  the 
perfect  exclusion  of  atmospheric  air.  The  hearth  must  be 
2  or  3  inches  deeper,  or  the  fire-  and  fiue-bndges  must  be  so 
much  higher  (about  12  or  14  inches  projecting  above  the 
hearth  bottom)  in  order  to  be  capable  of  containing  more 
slags  without  incurring  the  danger  of  too  much  of  the  slag 
running  over  the  flue-bridge  and  the  working  door,  occasioned 
by  the  strong  rising  of  the  highly  carbonised  pig-iron ;  a  deep 
hearth  also  prolongs  the  fining. 

The  hollow  iron  side  walls  of  the  furnace  hearth  must  be 
cooled  either  with  water  or  air  to  proteCl  them  from  wasting, 
as  a  large  quantity  of  poor  slag  at  the  high  temperature 
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of  the  furnace  has  a  strongly  corrosive  adlion.  On  cooling 
with  water  more  fuel  is  consumed  (150  lbs.  of  coal,  for  in- 
stance, per  100  lbs.  of  steel)  than  with  the  cooling  by  an  air 
draught  (only  I20  lbs.  of  coal),  and  the  resulting  steel  is 
harder  and  has  a  finer  grain,  as  the  stronger  cooling  of  the 
furnace  side  walls  impairs  the  reaction  of  the  oxide  of  iron 
npon  carbon.*  This  mode  of  cooling  is  also  more  under  the 
control  of  the  workmen. 

The  furnace  roof  is  sometimes,  in  Styria  and  Carinthia 
for  instance,  placed  4  or  6  inches  higher  than  the  usual 
position  of  roofs  in  iron  puddling  furnaces,  in  order  to  keep 
the  oxidising  air  admitted  at  a  greater  distance  from  the 
metal  bath ;  in  other  cases  the  roof  is  placed  in  a  lower 
position  with  a  view  of  raising  the  temperature  more  easily. 
For  cooling  purposes  the  bottom  plate  is  made  only  z  or 
3  inches  thick, 

c.  The  flue  must  be  larger  in  sei5tion,  and  it  is  important 
that  its  roof  should  be  condu(5ted  deeper  below  the  edge  of 
the  fiae-bridge,  A  long  flue  facilitates  the  proper  conduct 
of  the  temperature.  Rescht  promotes  the  uniformity  of 
temperature  in  the  furnace,  by  placing  the  flue  in  such  a 
position  that  the  flue  axis  deviates  from  the  cross  axis  of  the 
Sue-bridge,  and  by  placing  the  furnace  roof  i}-  inches  deeper 
on  the  back  of  the  furnace  than  on  the  front, 

d.  Preparatory  heating  stoves  behind  the  flue  are  of  less 
value  than  in  the  puddling  of  iron,  as  the  heated,  and  thus 
partially  decarbonised,  pig-iron  is  liable  to  yield  steel  of  too 
great  softness ;  but  the  waste  flame  may  to  a  certain  extent 
be  used  for  the  produdlion  of  steam. 

*.  The  grate.  Jt  is  advisable  to  place  the  grate  some 
inches  deeper  than  in  the  iron  puddling  furnaces,  so  that  it 
may  contain  a  larger  quantity  of  fuel,  thus  allowing  a  greater 
reducing  readtion  if  required.  The  application  of  blast 
under  the  grate  has  been  successful  with  regard  to  economy 
in  fuel,  and  a  better  condu^  of  the  process.  Good  mineral 
coal  requires  less  stirring  than  wood,  and  more  easily  pro- 
duces the  smoky  flame  required  at  thelaststage  of  the  process. 
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When  empIo}ring  wood  as  fuel  a  little  coal  is  sometimea 
thrown  upon  the  wood  at  that  stage  of  the  process.  Step 
grates  are  mostly  useless,  as  they  admit  too  much  undecom- 
posed  air ;  on  the  other  hand,  Spence*  has  placed  two 
grates  one  behind  the  other,  the  hindmost  one  4  inches 
deeper  than  the  other.  During  the  melting  down  both  ash 
pits  are  opened,  but  later  on,  when  a  reducing  flame  is  re- 
quired, the  back  ash  pit  is  closed,  when  the  glowing  coal  on 
the  back  grate  will  combine  with  the  oxygen  of  the  atmo- 
spheric air  which  passes  undecomposed  through  the  first 
grate. 

A  Bring  with  gas  is  very  advant^eous  in  the  puddling  of 
steel ;  it  allows  an  easy  regulation  of  the  oxidising,  and  has 
a  reducing  readlion.  To  lessen  its  energetic  reaction,  the 
over  blast  is  made  to  pass  along  the  furnace  roof,  or  it  is 
condutSted  vertically  down,  as  in  the  Swedish  gas  furnaces. 

These  statements  sufficiently  prove  that  it  is  advisable  to 
employ  a  separate  furnace  for  the  puddling  of  steel,  and  not 
to  use  a  common  iron  puddling  furnace,  as  is  frequently 
done.  The  constru(!tion  of  the  furnace,  as  well  as  the  em- 
ployment of  slags  of  different  nature,  render  the  steel  puddling 
process  very  elastic,  and  allow  the  production  of  softer  and 
harder  kinds  of  steel. 

/.  The  dimensions  of  different  steel  puddling  fumacest 
are  given  by  Janoyer,  Lan,  Gruner,  Resch,&c.,as  follows: — 
According  to 
Janoyer.  Lan. 

(Length  (following  the  long 

axis  of  the  furnace)  .    .  0*90  o' — i 

Breadth I'OO  0*9 
Height  below  the  furnace 

roof o'75  o*6o — o'7S 

jLength j*oo  070 — o'So 

Fire  bridge j  Breadth 0*37  0*25 — 0"3s 

(Height 0-27  0-35— 0-40 

[Length 0-30  0-35 — 0*40 

Flue  bridge  j  Breadth 0*24  — 

(Height 0*27  0*35 — 0*40 

■  B.  n.  h.  Ztg.,   iSjg,  p.  44S. ;  t86i,  p.  316.    Dihol.,  Bd.  153,  p.  140. 
t  B.  n.  b.  Ztg.,  186a,  pp.  140,  313,  3G3. 
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According  to 
Jaaoyer.  Lan. 

Hearth  l^"eth. r^  1-5  °^6 

loreadtn 1-40  1-35 — 1*4 

Flue     Preadth 0-30  — 

'^'"^     I  Height 0-30  — 

Height  of  the  working  plate  above  the 

bottom  sole 0'27  o'20 — 0'25 

Height  ofthe  roof  above  the  bottom  sole    070  0*65 — 070 

If         ti       chimney  „  „         13 — 15  — 

Set^on  of  the  chimney  .     .     sq.  metres  0*25  — 

Height  of  the  roof  of  the  flue  ....      —  0-55 — o"6o 

Thickness  of  the  slag  bottom  .    ...       —  o'lo — 0*15 

According  to  Gniner  the  steel  puddling  furnaces,  in  order 
to  produce  higher  temperatures,  &c.,  differ  from  the  iron 
puddling  furnaces  as  follows  : — 

Steel  Iron 

Paddling  Furnace.  Puddling  Furnace. 

Length  of  the  hearth    ....  1-55 — i'6o  I'go — 2 
Proportion  of  the  area  of  the  flue 

to  that  of  the  grate    ....  I'lo  ;  I     o'q6 — o'o8 : 1 
Proportion    of    the   area  of  the 

grate  to  that  of  the  hearth  .    .  1:2  i  "■  2"5 
Height  of  the  fire-bridge  above 

the  bottom  plate 0"27 — 0*41  0*25 — 0*27 

Thickness  of  the  slag  bottom     .  0*12 — 0*13  — 

Height  of  the  chimney.     .     .     .  13 — 15  — 

A  steel  puddling  furnace  employing  mineral  coal  as  fuel, 
and  used  at  Lobe  (Siegen),  is  represented  by  Figs.  4  and  5. 

Fio.  4. 
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a  is  the  grate ;  b,  the  stoke-hole  ;  c,  the  fire-bridge  cooled 
with  water ;  e  is  the  hearth ;  /,  the  flue-bridge ;  g,  the 
working  opening ;  h,  the  chimney. 


Fia.  5. 


Figs.  6  and  7  represent  a  steel  puddling  furnace  employing 
wood  as  fuel,  and  used  at  Hirschwang  near  Reichenau.    The 


furnace  is  used  at  the  same  time  for  puddling  iron. 
Fig.  7. 
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the  fire-place ;  b,  the  stoke  hole ;  d,  the  fire-bridge ;  e,  the 
hearth,  the  sole  plate  consisting  of  three  parts,  the  space 
below  beingwalled  up  in  order  to  prevent  too  strong  a  cooling 
through  the  circulation  of  air.  /  is  the  flue-bridge ;  g,  the 
working  opening ;  h,  the  chimney ;  i,  an  opening  in  the 
flue ;  k,  heating  stove,  used  only  when  puddling  wrought-iroQ. 

Mechanical  Treatment  of  the  Puddled  Steel. — Ac- 
cording to  the  purpose  for  which  the  puddled  steel  is  in- 
tended, the  shingled  balls,  after  being  re-heated,  are  either 
rolled  into  bars,  &c.,  and  sold  in  this  state,  or  the  bars  are 
refined  either  by  a  re-melting  or  by  a  repeated  re-heating 
and  welding  of  the  piled-up  bars.  The  puddled  steel  welds 
better  and  more  easily  than  cement  steel,  and  has  even 
greater  weldability  than  natural  steel ;  but  it  is  liable  to  lose 
its  steely  nature  on  welding,  according  to  its  original  propor* 
tion  of  carbon  and  the  quality  of  the  pig-iron  employed 
(p^e  39).  According  to  Spence,*  pig'-iron  produced  from 
red  iron  ore  yields  very  hard  puddled  steel. 

Whilst,  according  to  Clay,twrought-iron,  when  repeatedly 
piled  up,  increases  in  tenacity  to  a  certain  degree,  with 
puddled  steel,  this  increase  takes  place  only  on  the  first 
piling  up  ;  on  repeating  this  operation  with  puddled  steel,  a 
decrease  of  tenacity  takes  place. 

When  producing  large  masses,  the  puddled  steel  is  re- 
heated in  reverberatory  furnaces,  and  treated  by  steam  ham- 
mers and  rolling  mills,  but  smaller  establishments  re-heat 
the  puddle  steel  in  fires  such  as  those  represented  by  Pigs. 
8  and  g.  a  is  the  hearth  ;  b,  the  working  plate ;  c,  the  tap- 
ping bole  for  the  slag ;  4,  the  tuyere  ;  e,  the  chimney. 

The  hearth  of  the  re-heating  furnaces  is  usually  of  sand, 
like  the  reverberatory  furnaces  used  for  re-heating  wrought- 
iron ;  sometimes,  however,  as  in  Haspe,  for  instance,  they  are 
provided  with  a  bottom  of  slag,  so  high  as  to  reach  up  to  the 
working  plate.  This  slag  bottom,  on  heating,  becomes  soft, 
and  prote<fts  the  steel  when  turned  on  it. 

The  operation  of  forging  yields  steel  of  finer  grain  than  that 

•  B.  n.  b.  2tg..  1859,  p.  448. 
t  Ibid.,  185S,  p.  170. 
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of  rolling,  but  whether  forged  or  rolled  the  steel  must 
Dot  be  heated  above  redness,  or  it  will  break  into  pieces. 
Steel  piles  intended  to  be  rolled  into  fine  dimensions  must, 


Fio.  9. 
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tberefore,  be  heated  twice,  as  one  heat  does  not  last  long 
enough  for  the  steel  to  pass  through  all  the  grooves  re- 
quired. The  larger  the  steel  pieces  to  be  re-heated, 
the  greater  will  be  the  difBculty  with  which  they  will  attain 
a  aniform  temperature  ;  it  is,  therefore,  advisable  to  form  the 
steel  balls  in  the  puddling  furnaces  as  small  as  possible,  and 
to  forge  them  well. 

In  Westphalia  puddled  steel  is  rolled  i-  or  }  of  an  inch 
square,  and  sold  in  Hamburg  under  the  name  of  India  siul; 
the  sarae  steel  when  hardened  is  sold  under  the  name  of 
Mailand  steel. 

The  Manipulations  of  the  Steel  Puddling  Process. 

The  modifications  occurring  in  the  steel  puddling  process 
are  chiefly  caused  by  the  nature  of  the  pig-iron  and  the  quality 
of  the  steel  to  be  produced,  the  quality  and  quantity  of  the 
slags  to  be  added,  and  the  temperature  to  be  employed,  the 
conduct  of  the  process  must  therefore  be  chosen  accordingly. 

The  puddling  process  comprises  thefollowing  operations : — 

I.  The  Formation  of  the  Hearth  and  the  Warming  of 
the  Furnace. — As  in  iron  puddling  furnaces,  the  hearth  is 
formed  of  rich  slags,  sometimes  with  an  addition  of  ham- 
mer-slag and  scraps  of  burnt  iron,  about  5  inches  high ;  it  is 
then  heated,  at  a  gradually  increasing  temperature,  till  the 
mass,  which  must  be  as  refraiftory  as  possible,  begins  to 
frit.  When  gas  is  used  for  firing,  the  warming  of  thefumace  is 
effefted  by  commencing  with  a  small  fire  in  the  generator, 
and  sometimes  applying  a  small  fire  in  the  middle  of  the 
hearth  at  the  same  time ;  a  weak  blast  from  below  is  first 
employed  andgraduallyincrea8ed,and  the  blast  on  the  furnace 
hearth  is  employed  only  after  having  perfectly  dried  the  fur- 
nace walls.  As  soon  as  they  attain  a  light-red  heat,  and  the 
slags  a  pasty  consistency,  the  furnace  may  be  charged. 

Sometimes,  in  order  to  raise  the  temperature  of  the  furnace 
sufficiently  high,  some  light  charges  are  first  puddled  for  the 
produfUon  of  wrought-iron ;  if  possible,  thinly  liquid  pig- 
iron  is  employed,  and  the  thin  liquidity  likewise  promoted 
by  suitable  fluxes. 

G  2 
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3.  The  Charging. — When  treating  thinly  liquid  grey  pig- 
iron,  a  larger  quantity  of  rich  slag  is  thrown  into  the  hearth 
previous  to  the  chaiging  of  the  pig-iron.  The  iron  side  walls 
of  the  furnace  are  also  fettled  with  rich  slag,  to  keep  them  as 
cool  as  possible  in  the  first  period  of  the  process,  and  to  pro- 
teAthem  from  deposits.  When  treating  thickly  liquid  white 
pig-iron,  poorer  slags  are  employed.  A  furnace  which  has 
been  in  operation  before,  must  also  be  provided  with  an 
addition  of  slag  after  each  charge ;  and  in  cases  when 
the  furnace  is  too  hot,  the  softened  hearth  is  cooled  by 
throwing  water  on  it,  and  by  keeping  the  working  door 
open.  When  treating  spiegeleisen,  the  addition  of  slag  is 
frequently  made  after  the  melting  down.  The  charge  of  pig- 
iron  is  placed  in  the  middle  of  the  hearth  or  on  the  back 
wall,  according  to  whether  the  hearth  requires  cooling  or 
warming;  and  in  order  to  secure  a  better  result,  these  charges 
usually  weigh  3  or  3}  cwts.  or  under,  but  charges  of  4  cwts. 
are  occasionally  employed. 

3.  The  Mcltlng-down. — The  pig-iron  is  melted  down  as 
quickly  as  possible,  whilst  the  working  door  is  kept  closed, 
and  the  interstices  between  door  and  frame  filled  up  with 
pounded  slag ;  the  opening  in  the  working  door  is  likewise 
closed  by  an  iron  plate.  The  damper  is  opened  and  the  fire 
stirred  every  12  or  14  minutes.  When  gas  is  used  for  firing, 
neutral  gases  are  applied  at  this  period,  that  is,  as  much 
blast  is  introduced  as  is  required  to  fully  bum  the  gases. 
When  it  is  observed  through  the  loop-hole  of  the  working-door, 
that  the  greater  part  of  the  pig-iron  has  been  melted  down, 
which  takes  place  in  from  18  to  24  minutes,  the  remainder 
of  the  pig-iron  is  raked  into  the  middle  of  the  hearth,  and 
the  whole  mass  is  brought  into  a  fluid  state  by  raising  the 
temperature  to  white-heat,  whilst  working  the  hearth  with  a 
pointed  tool  in  order  to  remove  solid  deposits.  The  melting- 
down  takes  from  35  to  50  minutes,  according  to  the  nature 
of  the  pig-iron  and  the  manner  of  firing. 

4.  Stirring  the  Fused  Masa. — This  operation  varies  ac- 
cording to  whether  the  addition  of  slags  is  made  before  or 
after  the  operation  of  melting  down.  In  the  latter  case,  the 
fused  mass  is  once  stirred,  the  damper  closed,  and  sla^  of 
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the  same  process  or  an  admixture  of  different  slags  is  added, 
according  to  the  temperature  of  the  fitmace  and  the  liquidity 
of  the  pig-iron.  Grey  pig-iron  or  spiegeleisen  melted  down 
at  a  high  temperature  requires  a  larger  quantity  of  slag 
than  flowery  pig-iron ;  if  the  furnace,  before  the  melting  down, 
contained  a  great  deal  of  liquid  slag,  more  cold  slags  must 
be  added  than  in  cases  where  the  hearth  is  cool  and  contains 
but  little  liquid  slag.  When  employing  an  excess  of  poor 
slags,  the  pr^duft  itself  will  be  only  imperfcdlly  purified, 
and  the  siliceous  slags  strongly  attack  the  hearth.  The 
slags  are  frequently  stirred  into  the  fused  mass  by  means  of 
■  a  rabble,  together  with  fluxes  of  brown-stone  and  common 
salt;  the  stiffened  mass  is  then  moved  into  the  middle  of  the 
hearth,  and  the  temperature  of  the  furnace  increased  by 
opening  the  damper  and  closing  the  working-door  until  the 
surface  of  the  mass  commences  to  liquefy  separately;  the  mass 
is  then  broken  up,  distributed  on  the  hearth,  and  continually 
stirred  with  a  rabble,  when  it  will  soon  begin  to  rise.  If  this 
rising  continues  too  long,  owing  to  an  injudicious  addition 
of  fluxes,  wet  rich  slags  are  sometimes  charged. 

When  the  requisite  quantity  of  slag  has  been  charged  to- 
gether with  the  pig-iron,  and  no  more  slag  is  required,  an 
addition  of  brown-stone  and  common  salt,  or  of  common 
salt  only,  is  given  in  order  to  form  a  liquid  slag,  and  the  mass 
is  broken  up  and  continually  stirred  whilst  the  damper  is 
kept  closed.  The  metal-bath  then  begins  to  thicken  and  to 
rise.  When  puddling  pig-iron  very  rich  in  carbon,  the 
rising  is  so  great,  that  part  of  the  slag  flows  over  the  working 
plate  and  the  flue-bridge.  To  prevent  this  excessive  over- 
flow, the  bottom  plate  is  laid  deeper  in  steel  puddling  fur- 
naces than  in  those  for  puddling  wrought-iron. 

More  tools  are  always  used  and  at  a  higher  temperature 
when  puddling  steel  than  when  puddling  wrought-iron  (vol,  ii., 
page  84a).  If  gas  is  used  for  firing,  the  blast  on  the  hearth 
must  be  put  off  at  this  period. 

5.  The  Fining. — This  is  the  period  at  which  steel  is 
formed,  whilst  the  melting  mass  has  risen  to  the  highest 
point.  The  manipulation  differs  according  to  whether  hard 
or  soft  steel  is  to  be  produced. 
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When  the  production  of  soft  steel  is  desired,  the  tempera- 
ture is  slightly  increased  by  partially  opening  the  damper, 
when  a  reducing,  brilliant  white  flame  will  issue  from  the 
upper  part  of  the  working  opening ;  the  mass  is  then  vigor- 
ously stirred  until  a  number  of  hard  grains  separate  from  the 
liquid  mass.  These  grains,  having  first  a  red  lustre  and 
afterwards  a  white  one,  move  up  and  down  in  the  liquid 
mass,  and  have  a  tendency  to  consolidate  and  to  form  snow- 
white  cauliflower-like  lumps,  indicating  that  the  formation 
of  steel  has  commenced.  The  stirring  is  now  continued 
briskly  until  the  steel  grains  have  consolidated  to  larger 
masses,  and  offer  too  much  resistance  to  the  rabble. 

The  reddish-coloured  slag,  which  at  the  commencement 
sticks  but  little  on  the  tool,  gradually  adheres  more,  attaining 
a  white  colour,  and  including  grains  which,  on  contaifl  with 
air,  sparkle  and  increase  in  number  and  size.  The  slag  must 
remain  yellowish  red,  and  raw ;  a  white  hot  slag,  as  well  as 
projections  of  bright  wrought-iron  upon  the  steel  mass,  indi- 
cate that  the  carbonisation  has  been  carried  on  too  far. 

As  soon  as  the  formation  of  steel  takes  place  to  such  a 
degree  that  a  further  stirring  becomes  difficult  and  even  im- 
possible, the  mass  is  at  once  quickly  transferred  and  formed 
into  balls,  whilst  the  damper  is  kept  in  the  same  position. 

When  the  produdlion  of  hard  steel  is  required,  the  stirring 
is  continued  at  a  high  temperature  until  the  steel  grains 
formed  in  the  slag,  show  a  welding  heat ;  the  damper  is  now 
almost  entirely  closed,  so  that  tt  becomes  impossible  to  see 
anything  in  the  furnace,  and  the  workman  must  be  guided 
by  feeling ;  the  spongy  mass  which  has  separated  from  the 
slag  is  then  coUedted  near  the  fire-bridge,  and  here  allowed 
to  cool  for  about  five  minutes,  when  it  will  be  of  a  suitable 
consistence  for  balling.  The  balls  are  then  quickly  formed 
and  beaten  outside  the  furnace  with  a  wooden  hammer,  and 
afterwards  treated  under  the  shingling  hammer,  commencing 
with  light  blows.  If  the  last  balls  do  not  possess  any  more 
welding  heat,  the  damper  must  be  opened  somewhat  more, 
which,  however,  causes  these  balls,  to  become  softer.  When 
gas  is  used  for  firing,  the  over  blast  is  put  off  till  this  period 
of  the  process. 
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6.  The  Formation  of  the  Bails  tabes  place  in  the  maimer 
described,  and  varies  with  the  quality  of  the  steel,  that  is, 
whether  it  is  hard  or  soft.  A  lump  of  about  40  lbs.  in  weight  is 
cut  off  the  mass  of  steel  and  pressed  below  the  poor  slag  into  a 
ball ;  during  the  shingling  of  this  ball  a  new  one  is  formed. 
Only  in  rare  cases  are  all  the  balls,  or  even  part  of  them, 
formed  before  commencing  the  shingling.  In  order  to  form 
a  thinly  liquid  slag,  brown-stone  is  sometimes  added  before 
forming  the  balls, 

7.  Shingling  the  Balls. — On  removing  the  balls  from  the 
fiimace  and  hammering  them,  they  emit  a  blue  flame  of  car- 
bonic  oxide  gas.  As  the  steel  ball  is  not  yet  compact,  it  is 
first  treated  with  light  blows  and  then  with  stronger  ones, 
and  is  generally  forged  into  a  square  piece,  which  is  finally 
hammered,  upsetting  it  at  the  same  time:  These  balls  are 
not  allowed  to  cool  so  much  as  those  obtained  in  the  finery 
process.  A  ball  which  on  shingling  falls  into  pieces  or 
becomes  full  of  cracks  is  still  too  raw,  and  must  be  returned 
to  the  furnace. 

8.  Re-heating  the  Shingled  Balls  or  Blooms.— For  the 
purpose  of  drawing  them  out  the  blooms  are  mostly  re-heated 
in  reverberatory  furnaces,  and  in  some  cases  in  hollow 
fires. 

Sometimes,  in  order  to  produce  a  better  produift,  or  when 
intending  to  roll  out  the  blooms  without  piling,  they  are 
returned  into  the  puddltngfumacefrom  five  to  fifteen  minutes, 
thedamperbeinghalfopen;  they  are  then  turned  several  times, 
covered  with  slag,  and  taken  to  the  rolls.  This  method 
is  tolerably  cheap  ;  it  causes  little  loss  of  metal  and  a  small 
consumption  of  fuel;  it  also  requires  no  welding  sand,  which 
dissolves  iron.  As  the  last  balls  are  mostly  poorer  in  carbon 
than  the  first  ones,  it  is  advisable  to  assort  the  broken  steel 
bars  before  employing  the  hardened  steel. 

The  re-heating  of  the  blooms  in  hollow  fires,  which  is 
done  in  Siegen  for  instance,  is  performed  in  the  foUowiog 
manner.  The  hearth  is  filled  up  to  the  working  plate  with 
cinder  and  some  coal;  two  blooms  are  then  kept  in  a 
horizontal  position  in  the  fire  by  means  of  tongs ;  the  space 
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around  and  above  them  is  filled  up  to  the  roof  with  a  mix- 
ture of  cinder  and  coal.  The  blast  passes  below  the  blooms 
through  the  coals,  which  are  heaped  up  around  the  tuyere, 
and  the  flame  enters  the  chimney  through  an  opening  in  thefur- 
nace  roof.  Pounded  loam  is  thrown  upon  the  blooms  to  protect 
them  from  oxidation,  and  an  openingismade  in  the  roof  formed 
of  coal  above  the  blooms,  for  the  purpose  of  watching  the 
latter.  The  bloom  lying  nearest  the  tuyere  will  first  attain 
the  welding  beat,  and  both  blooms  must  be  frequently  turned. 
While  drawing  out  the  first  bloom  the  second  is  shifted  into 
its  place,  and  will  have  a  welding  heat  as  soon  as  the  first 
bloom  is  sufBciently  drawn  out. 

When  both  blooms  are  completely  drawn  out  the  bars  are 
usually  hardened  in  a  cherry-red  state.  Blooms  which  have 
not  attained  to  a  full  welding  heat,  become  cracked  under  the 
hammer,  and  must  be  re-heated. 

After  having  puddled  a  number  of  charges  for  the  produc- 
tion of  steel,  a  few  more  are  sometimes  puddled  for  the 
production  of  wrought-iron,  either  for  the  purpose  of  regu- 
lating the  slag-hearth  or  raising  the  temperature  of  the 
furnace  sufficiently  high  for  the  steel  puddling  process.  This 
temperature,  owing  to  the  closing  of  the  damper  during  the 
last  period,  may  be  lowered  too  much  at  the  commencement 
of  the  week,  in  a  furnace  that  has  not  been  sufficiently 
warmed,  and  also  at  the  end  of  the  week  in  one  that  had 
been  burnt  out  too  much. 

-  Mr.  Riepe,  who  introduced  the  steel  puddling  process  into 
this  country,  has  given  the  following  description  of  the 
process : — 

"  I  employ  the  puddling  furnace  in  the  same  way  as  for 
making  wrought-iron.  I  introduce  a  charge  of  about  280  lbs. 
of  pig-iron,  and  raise  the  temperature  to  redness.  As  soon 
as  the  metal  begins  to  fuse  and  trickle  down  in  a  fluid  state, 
the  damper  is  to  be  partially  closed,  in  order  to  temper  the 
heat.  From  12  to  16  shovelfuls  of  iron  cinder,  discharged 
from  the  rolls  or  squeezing  machine,  are  added,  and  the  whole 
is  to  be  uniformly  melted  down.  The  mass  is  then  to  be 
puddled  with  the  addition  of  a  little  black  oxide  of  manganese. 
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common  salt,  and  dry  clay,  previously  ground  together. 
After  this  mixture  has  a£ted  for  some  minutes,  the  damper 
is  to  be  fiilly  opened,  when  about  40  lbs.  of  pig-iron  are  put 
into  the  furnace  near  the  fire-bridge  upon  elevated  beds  of 
cinder  prepared  for  that  purpose.  When  this  pig-iron  begins 
to  trickle  down,  and  the  mass  on  the  bottom  of  the  surface 
begins  to  boil  and  throw  out  the  well-known  blue  jets  of 
flame,  the  said  pig<iron  is  raked  into  the  boiling  mass,  and 
the  whole  is  then  well  mixed  together.  The  mass  soon  begins 
to  swell  up,  and  the  small  grains  begin  to  form  in  it  and 
break  through  the  melted  cindei^on  the  surface.  As  soon  as 
these  grains  appear,  the  damper  is  to  be  three-quarters  shut, 
and  the  process  closely  inspeAed  while  the  mass  is  being 
puddled  to  and  fro  beneath  the  covering  layer  of  cinder. 
During  the  whole  of  this  process,  the  heat  should  not  be 
raised  above  cheny  redness,  or  the  welding  heat  of  shear 
steel.  The  blue  jets  of  flame  gradually  disappear,  while  the 
formation  of  grains  continues,  which  grains  very  soon  begin 
to  fuse  together,  so  that  the  mass  becomes  waxy  and  has  the 
above-mentioned  cheny  redness.  If  these  precautions  are 
not  observed,  the  mass  will  pass  more  or  less  into  iron,  and 
no  uniform  steel  produiA  can  be  obtained.  As  soon  as  the 
mass  is  finished  so  far  the  fire  is  stirred  to  keep  up  the  neces- 
sary heat  for  the  succeeding  operation,  the  damper  is  entirely 
shut,  and  part  of  the  mass  is  collected  into  a  ball,  the  re- 
mainder being  always  kept  covered  with  cinder  slack.  This 
ball  is  brought  under  the  hammer  and  then  worked  into  bars. 
The  same  process  is  continued  until  the  whole  is  worked 
into  bars.  When  I  use  pig-iron  made  from  sparry  iron  ore, 
or  mixtures  of  it  with  other  pig-iron,  I  only  add  about  20  lbs. 
of  the  former  pig-iron  at  the  later  period  of  the  process, 
instead  of  about  40  lbs.  When  I  use  Welsh,  or  pig-iron  of 
that  description,  I  throw  10  lbs.  of  best  plastic  clay  in  a  dry 
granulated  state  on  the  bottom  of  the  furnace  before  the 
beginning  of  the  process ;  I  add  at  the  later  period  of  the 
process  about  40  lbs.  of  pig-iron  as  before  described,  but 
strew  over  it  clay  in  the  same  proportion  as  just  mentioned." 
The  following  are  the  results  of  various  steel  puddling 
works : — 
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I.  The  Puddling  Process  with  DireA  Firing  with 
Mineral  Coal. 

a.  Lohe*  in  Siegen. — White  radiated  pig-iron  is  treated 
in  charges  of  350  lbs.  each,  isofwhicharemade  in  24  hours, 
causing  a  loss  of  9  per  cent  of  the  pig-iron  in  puddling  and  of 

11  per  cent  in  re-heating  the  blooms.  The  puddling  furnaces 
used  are  represented  on  page  79,  and  the  blooms  are  re- 
heated in  hollow  fires  (page  81).  Seven  or  eight  balls, 
each  weighing  about  40  lbs.,  are  formed  in  each  charge. 
4200  lbs.  of  pig-iron  yield,  in  the  time  stated,  3360  lbs.  of 
puddled  steel,  78  per  cent  of  which  is  first  quality,  and 
22  per  cent  form  second  and  third  qualities,  being  more  or 
less  intermixed  with  iron  and  less  easily  broken  than  the 
first  quality.  The  consumption  of  coal  per  1000  lbs.  of 
puddled  steel  amounts  to  2000  lbs.,  that  is,  1680  lbs.  in 
puddling,  and  320  lbs.  in  re-heating  the  blooms.  The  slags 
required  are  added  after  the  melting-down  of  the  pig-iron. 
The  steel  is  drawn  out  under  hammers.  As  has  been 
previously  stated,  the  working  of  one  charge  takes  2  hours, 
that  is,  I  of  an  hour  for  charging  and  melting-down,  Jof  an  hour 
for  the  first  stirring,  after  having  given  the  addition  of  slags, 
f  of  an  hour  for  the  further  stirring  or  rabbling,  and  }  of  an 
hour  for  forming  the  balls  and  putting  the  hearth  in  order. 

b.  Geisweidet  in  Siegen. — At  these  puddling  works  they 
treat  mottled  charcoal  pig-iron,  containing  a  smaller  amount 
of  carbon  ind  manganese,  in  admixture  with  80  lbs.  of 
spiegeleisen,  the  whole  charge  amounting  to  520  lbs.  68 
charges  or  272  cwts.  of  pig-iron  yield,  in  thirteen  shifts  of 

12  hours  each,  185  cwts.  20  lbs.  of  steel  and  32  cwts.  85  lbs.  of 
iron,  which  is  puddled  in  alternation  with  the  steel,  at  a  total 
consumption  of  279  cwts.  of  coal ;  100  lbs.  of  steel  and  iron 
require  therefore  for  their  produdtion,  ii3'4  lbs.  of  ptg-tron 
and  131  lbs.  of  coal. 

c.  At  Haspet  in  Westphalia. — Eight  charges,  each  of 

*  PteoH.  ZtKbr.,  ii.,  Bd.  161. 

i  TuNMER,  Lbob.,  Jabtb.,  1S55,  iv.,  agy 
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350  lbs.  of  charcoal  pig-iron,  ^  or  ^  of  which  is  spiegeletsen, 
are  puddled  in  12  hours,  causing  a  loss  of  7  or  8  per  cent  in 
puddling  and  4  or  5  percent  in  re-heating ;  the  consumption 
of  coal  amounts  to  about  130  lbs.  per  loo  lbs.  of  steel. 

The  blooms  are  re-heated  in  a  reverberatory  furnace  pro- 
vided with  a  sole  of  slag,  in  which  the  blooms  are  turned 
before  they  are  given  to  the  rolls  (page  81).  When  rolling 
bars  of  thin  dimensions,  which  are  intended  to  be  sold 
as  such,  the  re-heating  is  performed  in  a  reverberatory 
furnace  provided  with  a  hearth  of  sand. 

d.  At  Konigshiitte  in  the  Hartz  white  radiated  pig-iron 
is  treated  in  charges  of  2  cwts.,  which,  if  required,  are  mixed 
with  20  or  30  lbs.  of  grey  charcoal  iron,  thus  producing  a 
greater  liquidity  of  the  iron,  and  causing  a  prolongation  of 
the  process. 

One  chaise  is  worked  off  in  i  hour  and  20  minutes,  that 
is  5  minutes  are  occupied  in  chai^ng  the  furnace,  35  minutes 
in  melting  down,  zo  in  rabbling,  15  in  forming  the  balls,  and 
5  in  shingling  them. 

The  yield  of  one  charge  amounts  to  from  180  to  190  lbs. 
of  steel,  which  is  formed  into  four  or  five  balls ;  100  lbs.  of 
puddled  steel  are  obtained,  with  a  consumption  of  132  lbs.  of 
coal,  and  35  cwts.  of  steel  are  produced  in  24  hours. 

The  shingled  balls  are  re-heated  in  hollow  fires,  causing 
a  consumption  of  about  41^-  lbs.  of  coal  per  lOO  lbs.  of  pro- 
duct.    29  cwts.  of  steel  are  produced  in  24  hours. 

According  to  an  analysis  made  by  Brauns,  the  puddled 
steel  from  Konigshiitte  contained  : — 

C  (chemically  combined)      .     ,     .  1*380 

C  (graphitic) trace 

Si o'oo6 

P trace 

Mn 0'0I2 

e.  At  Vierzon*  the  puddling  furnaces  used  are  those  de- 
scribed by  Janoyer  on  page  78.  Four  or  five  chai::ges  of 
180  kilos,  of  white  "  steely  "  pig-iron  each,  are  puddled  in 
12  hours  at  a  loss  of  5  per  cent  of  the  pig-iron.     From  750 

*  B.  u.  h.  ztg.,  iseo,  pp.  170, 189. 


,;  Google 


92  STEEL. 

to  800  kilos,  of  steel  are  produced  in  12  hours,  at  a  consump' 
tion  of  from  1120  to  1360  kilos,  of  coal.  Nearly  the  same 
quantity  of  coal  is  consumed  when  puddling  wrought-iron  at 
a  loss  of  8  or  S^  per  cent,  making  meanwhile  about  seven 
charges  in  12  hours. 

/.  In  the  Department  of  the  Loire.— The  puddling  fur- 
naces used  are  described  by  Lan*  (page  78).  One  charge 
consists  of  aoo  kilos,  of  pig-iron,  or  120  kilos,  of  mottled 
and  80  kilos,  of  darkish  grey  pig,  with  an  addition  of  from 
25  to  30  kilos,  of  hammer  slag,  &c.  In  puddling  white  pig- 
iron,  only  from  15  to  20  kilos,  of  fluxes  are  added. 

The  following  is  the  time  that  the  different  operations  of 
the  process  occupy  : — 

Repairing  the  hearth  and  charging 

the  pig-iron,  &c 7      minutes. 

Melting  down 40 — ^45        „ 

Stirring 25-^30       „ 

Bringing  to  nature 20 — 25        „ 

Formation  of  the  balls     ....  6 — 8  „ 
Loss  of  time  in   the  interval  be- 
tween two  charges 5  „ 

Total  103 — 120  minutes. 

The  loss  of  iron  in  the  puddling  process  amounts  to  4  of 
5  per  cent,  and  the  produiftion  in  la  hours  from  800  to 
900  kilos.  From  130  to  150  per  cent  of  coal  are  consumed 
per  100  of  steel ;  that  is,  130  when  cooling  the  hollow  side 
walls  of  the  furnace  with  air,  and  150  when  using  water  for 
cooling  the  side  walls. 

g.  At  Seraing,  charges  of  180  kilos,  of  grey  and  mottled 
pig-iron  are  puddled  in  2^  or  aj  hours,  at  a  loss  of  15  per 
cent  of  the  pig-iron. 

h.  At  Niederbronn  on  the  Lower  Rhine,  six  or  seven 
charges  of  160  lbs.  of  pig-iron  each  are  puddled  in  12  hours. 
When  using  furnaces  cooled  with  air,  from  1 140  to  1145 
kilos,  of  pig-iron  and  1250  kilos,  of  coal  per  locw  kilos,  of 
shingled  and  rolled  steel,  are  consumed  ;  and  from  ii2oto 
1125  kilos,  of  pig-iron,  and  from  1500  to  1600  kilos,  of  coal 
are  consumed  when  furnaces  cooled  with  water  are  used. 

*  B.  u.  h.  Ztg.,  iSeo,  pp.  312,  i8g. 
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a.  The  Puddling  Process  carried  on  with  Brown  Coal. 

a.  At  Neubei^,*  spiegeleisen  is  treated  in  charges  of 
193  kilos.,  one  charge  taking  2  hours,  or  2  hours  25  minutes. 
The  puddling  furnace  is  cooled  with  air,  and,  on  an  average, 
mo  kilos,  of  pig-iron  and  2140  kilos,  of  common  brown 
coal  per  1000  kilos,  of  raw  steel,  are  consumed.  The  steel  is 
either  only  shingled  and  forged,  or  shingled,  re-heated,  and 
roUed. 

b.  At  Kibis'waldt  in  Styria,  the  produiftion  of  100  lbs, 
ofpuddled  steel  requires  iii'7  lbs.  of  pig-iron  and  160  lbs. 
of  brown  coal ;  34  cwts.  of  steel  are  produced  in  24  hours. 
The  blooms  are  re-heated  in  open  fires  with  charcoal,  at  a 

loss  of  ID  per  cent,  and  at  a  consumption  of  9-5  cubic  feet  of 

coal  per  100  lbs.  of  drawn-out  steel. 

In  the  produftioo  of  wrought-iron  ii0'9  lbs.  of  pig-iron 
and  150  lbs.  of  brown  coal  per  100  lbs.  of  puddled  iron,  are 
consumed,  and  43  cwts.  are  yielded  in  24  hours ;  in  forging, 
iio'4  lbs.  of  blooms  and  io'6  cubic  feet  of  soft  charcoal  per 
100  lbs.  of  bar  iron  are  consumed.  The  produiftion  of  steel 
in  24  hours  amounts  to  13  cwts.,  and  that  of  wrought-iron 
to  15  cwts, 

c.  At  Htrschwangt  near  Reichenau,  two  experiments 
with  the  steel  puddling  process  have  been  made  by  way  of 
comparison ;  the  first  consists  in  employing  the  waste  beat 
for  the  produtfUon  of  steam,  and  introducing  hot  blast  before 
the  fire-bridge  at  the  first  period  of  the  puddling  for  fining 
the  iron ;  and  the  second  in  conducting  the  puddling  process 
without  employing  the  waste  heat  and  without  introducing 
blast.    The  following  results  were  obtained  : — 

In  the  first  case  1*078  cwts.  of  pig-iron,  8'64  cubic  feet  of 
wood,  and  o'6  lbs.  of  coal  (thrown  upon  the  wood  during  the 
fining)  were  consumed  per  cwt.  of  the  blooms,  18*84  cwts.  of 
which  were  produced  in  24  hours.     In  the  latter  case,  the 

•  B.  n.  h.  Ztg..  i860,  p.  383. 

t  TuHHiK,  Leob.,  Jahrb.,  1857,  vi.,  97. 

X  Outerr.  ZUchi.,  1663,  p.  370. 
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consumption  per  cwt.  of  blooms  amounted  to  I'laa  cwts.  of 
pig-iron,  8*53  cubic  feet  of  wood,  and  2"5  lbs.  of  coal,  and 
18*92  cwts.  of  steel  were  produced  in  24  hours. 

3.  Puddling  Steel  with  Gas. 

a.  At  Neuberg  a  wood  gas  furnace  is  used,  which  puddles 
charges  of  3  cwts.,  and  consumes  116  lbs.  of  pig-iron  and 
i6'5  cubic  feet  of  wood  per  100  lbs.  of  steel. 

i.  At  Zorge*  in  the  Hartz,  white  radiated  pig-iron  and 
grey  charcoal  pig-iron  are  treated  in  charges  of  4  cwts., 
2  cwts.  of  each  kind  of  pig  are  taken  to  one  charge.  In 
24  hours  from  9  to  11  charges  are  puddled  alternately  for 
steel  and  wrought-iron,  at  a  loss  of  ii'68  per  cent,  and  con- 
suming 13  cubic  feet  of  soft  charcoal  and  li  cubic  feet  of 
hard  charcoal,  weighing  together  in  the  dried  state  i82'i7 
lbs.  per  too  lbs.  of  blooms.  Turf  has  been  experimentally 
employed,  causing  a  loss  of  I7'2  per  cent  of  iron  and  a  con- 
sumption of  128  lbs.  of  dried  turf  per  100  lbs.  of  blooms. 

The  steel  blooms  are  re-heated  in  hollow  fires  at  a  loss  of 
XI  or  12  per  cent,  and  a  consumption  of  174  cubic  feet  Of 
coal  per  100  lbs.  of  product. 

At  Kirchhundent  in  Siegen,  gases  produced  with  mineral 
coal  are  used,  which,  in  comparison  with  the  diredt  firing, 
ensure  a  quicker  regulation  of  the  temperature  of  the  furnace, 
as  well  as  considerably  economising  fuel ;  they  also  cause  a 
greater  yield  and  an  acceleration  of  the  process ;  8^  charges 
of  400  lbs.  each  (}  white  and  J  mixed  pig-iron)  =  3400  lbs. 
are  worked  off  in  12  hours,  a  result  which  surpasses  those  of 
other  steel  puddling  works.  From  35  to  40  per  cent  is  saved 
in  coal,  and  the  loss  amounts  to  5  or  6  per  cent  of  the  charged 
pig-iron,  being  5  or  10  per  cent  less  than  that  which  took 
place  without  the  employment  of  these  gases. 

BBSSBHBR'S  PROCESS. 

The  Bessemer  process,  sometimes  termed  the  pneumatic 

process,  treats  liquid  pig-iron  either  direct  from  the  iron  blast 

•  B.  n.  h.  Ztg.,  1863,  p.  313. 
f  Berggeitt,  1859,  No.  Sj. 
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fuinace,  or  re-melted  in  cupola  or  reverbenttory  furnaces  in 
a  special  apparatus  which  conduAs  blast  in  thin  jets  into  the 
iron  without  the  application  of  fuel,  as  the  temperature  re- 
quired is  produced  by  the  combustion  of  the  carbon,  and 
also  by  the  oxidation  of  part  of  the  iron.  The  carbon  con- 
tained  in  the  pig-iron  is  thus  so  far  oxidised  that  either  liquid 
steel  or  wrought -iron  will  result. 

The  world  is  indebted  to  Mr.  Heniy  Bessemer  of  Sheffield 
for  this  highly  valuable  process,  forming,  as  it  does,  a  new 
era  in  the  manufacture  of  iron.  Although  it  is  not  based 
upon  essentially  new  principles,  Mr.  Bessemer  has  most 
ingeniously  invented  suitable  apparatus  for  the  practical 
application  of  the  process. 

Mr.  Bessemer  first  gave  publicity  to  his  process  in  1856 
by  reading  a  paper  entitled  "  The  Manufaifture  of  Malleable 
Iron  and  Steel  without  Fuel, "  before  the  Mechanical  Seiftion 
of  the  British  Association  at  Cheltenham.  The  process, 
however,  was  not  at  that  time  sufficiently  advanced  to  give 
satisfactory  commercial  results.  It  was  generally  received 
with  distrust,  aa,  while  it  employed  imperfect  means  and  in- 
ferior pig-iron,  it  was  considered  impossible  to  obtain  good 
results.  Shinz*  removed  the  doubts  which  were  entertained 
with  regard  to  the  production  of  a  sufficiently  high  tempera- 
ture, by  burning  the  carbon  alone  contained  in  the  pig-iron. 
Gillont  proved  that  the  high  temperature  of  the  Bessemer 
apparatus  originated  rather  from  the  oxidation  of  iron  than 
from  the  burning  carbon,  and  he  asserted  that  the  pro- 
cess caused  a  great  loss  of  iron  and  imperfeCl  purification. 
Pion,  Gruner,  Sanderson,  Truran,  and  Macadam,  who  were 
present  at  the  experiments  of  Mr.  Bessemer,  or  had  oppor- 
tunity of  examining  the  product,  also  judged  unfavourably  of 
the  process.  But  while  the  first  experiments  made  in  this 
coontry  yielded  a  doubtful  result,  those  made  in  other  coun- 
tries, Sweden  excepted,  were  total  failures,  owing  to  the  im- 
perfection of  the  apparatus,  &c. 

Tunnert  foresaw  the  great  value  of  the  process  at  its  first 

*  B.  n.  h.  Ztg.,  1857,  7- 17-    DiKOL.,  Bd.  143,  p.  w?. 

t  B.  o.  h.  Ztg.,  1857,  p.  378 ;  i860,  p.  36. 

I  Ltob.,  Jahrb.,  vi.,  858.    B.  o.  h.  Ztg.,  1859.  p.  349 ;  186a,  p.  39S. 
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Starting  and  advocated  it,  and  Graneralso,  later  on,  changed 
his  opinion.  The  entire  want  of  confidence  on  the  part  of 
the  trade  induced  Mr.  Bessemer  to  ere£t  a  steelworks  himself 
in  Sheffield,  where  he  brought  the  process  to  its  present  state 
of  perfcdlion. 

The  iron-masters  of  Edsken"  in  Sweden  meritoriously  carried 
on  at  the  same  time  this  process  for  its  further  development. 
They  now  produce  a  very  pure  wrought-iron  fit  for  the  manu- 
fa(5ture  of  thin  wire  and  plates,  &c.,  but  this  production  talces 
place  rather  accidentally  than  intentionally.  The  resulting 
iron  is  frequently  burnt  (vol.  ii.,  page  706),  and  contains 
oxygen  ;  it  is,  therefore,  only  useful  after  a  previous  deoxi- 
dation.  Gurltf  suggests  that  iron,  after  losing  its  carbon, 
attains,  perhaps,  the  property  of  absorbing  oxygen  like  silver 
and  copper ;  the  oxygen  then  causes  red-shortness.  On  the 
Other  hand,  it  is  possible  to  produce  steel  of  certain  qualities 
Vfith  almost  perfedt  security. 

According  to  Tunner'st  estimate,  there  are  now  52  con- 
verters in  operation  in  England,  capable  of  producing  collec- 
tively 6000  tons  of  steel  per  week.  Prussia  has  24  converters 
with  a  capability  of  making  1460  tons  ;  France,  with  12  con- 
verters in  operation,  can  produce  SSo  tons ;  in  Austria  14 
vessels  can  turn  out  650  tons,  and  Sweden,  with  15  vessels, 
has  A  produftive  capability  of  530  tons  per  week.  There  are 
two  converters  at  Seraing  in  Belgium,  and  two  more  in  Italy, 
also  one  or  two  in  Russia,  making  the  total  power  of  produc- 
tion now  available  for  Bessemer  steel  making  in  Europe, 
about  475,000  tons  per  annum.  To  this  we  must  add 
America,  with  at  least  50,000  tons,  giving  a  total  of  more  than 
half  a  million  tons  of  steel.  The  a(5tual  produiflion  of  this 
present  year  does  not,  of  course,  come  up  to  this  figure,  but 
it  is,  in  all  probability,  considerably  above  200,000  tons. 

The  history  of  the  Bessemer  process  is  elaborately  treated 

*  TuHNBS,  in  OetteiT.  Ztichr.,  1S59,  No*.  13,  26,  30 ;  iSGo,  No*,  i,  46. 
LtOB.,  Jabib.,  ix.,  43 ;  x.,  aoi.  B.  a.  h.  Ztg.,  1S59,  p.  344 ;  i860,  p.  10 ;  1861, 
pp.  91,194,  399.479;  1S61,  pp. 310,398.  Mullkr's  VeibcHenuipvonchliga. 
DiMOL.,  B4. 160,  p.  391. 

t  Berggdst,  tS6o,  p.  541. 

i  Iron  and  Ste«l  Manulafture,  by  F.  K&hn,  p.  igi. 
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by  Vicaire.*     The  following  treatises  will  also  be  found  of 
great  value  in  the  study  of  the  Bessemer  process : — 
Iron  and  Steel  Manufafture  by  F.  Kohn  :  London,  1869. 
Das  Bessemem  in  Schweden  in  seiner  jetzigen  Praxis,  von 

L.  E.  BoMAN,  Htltteningenieur  des  Schwedischen  Ge- 

werken-Vereins  Jem  Kontoret.   Mit  einem  Vorworte,  von 

P.  TuNNER  :  Leipzig,  Felix,  1864,  8vo. 
Dass  Bessemem  in  Oesterreich,  eine  Zusammenstellung,  &c., 

mit    geschicbtlichen    Vorbemerkungen,    eingeleitet    von 

Otto  Frbihkrrn,  von  Hingbnau,  8vo:  Wien,  F.  Manz, 

1865. 
Die  Resultate  des  Bessemerprocesses  fUr  die  Darstellung 

von  Stahl   und  Aussichten  desselben  fUr  die  Rheinische 

und  Westphalische  Eisen,  resp.  Stahliodustrie,  von  Dr. 

Wedding,  in  Preuss.  Zeitschrift,  1863,  xi.,  232. 

Bessemer's  method  adopted  in  England  differs  from  that 
used  in  Sweden  in  the  following  points : — 

I.  In  the  English  process,  the  pig-iron  is  previously  melted 
in  a  reverberatoiy  furnace  and  sometimes  in  cupolas,  whilst 
in  the  Swedish  method,  the  liquid  pig-iron  is  used  dircA 
from  the  blast  furnace,  but  it  is  seldom  made  to  ran  diredl 
into  the  converter.  The  iron  is  usually  first  colle»a:ed  in  a 
ladle  and  weighed,  as  this  plan  admits  of  an  exadt  fixing  of 
the  charge. 

The  Swedish  method  is  cheaper,  as  the  fuel  for  re-melting 
the  iron  is  saved,  but  it  can  only  be  employed  with  pure  pig- 
iron  which  is  nearly  always  uniform  in  quality ;  as,  for  instance, 
charcoal  pig-iron  and  pig  from  small  coke  furnaces.  On  the 
other  band,  the  English  method  is  better  adapted  for  impure 
or  non-uniform  sorts  of  pig-iron,  as,  on  re-melting,  a  purifi- 
cation of  the  pig-iron,  similar  to  that  in  the  refining  process, 
will  take  place.  This  operation  also  allows  of  a  suitable 
assorting  of  the  pig-iron,  and  imparts  to  the  liquid  iron  such 
a  temperature  as  the  converter  requires. 

The  re-melting  of  the  pig-iron  in  reverberatory  fumaces 
has  this  advantage,  that  the  iron  comes  less  into  contact 
with  the  injurious   substances    of  the  fuel ;    but  cupola 

*  BoItetiD  de  la  Sociiti  de  rinduttrie  MJnfiale,  1863,  viii.,  531. 
VOL.  III.  H 
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furnaces  have  also  been  employed  lately  for  the  purpose  of 
re-melting.  The  pig-iron  used  in  the  steel  works  at  Barrow, 
is  re-melted  in  Ireland's  cupolas.  The  pressure  of  blast  in  the 
cupolas  is  about  i  lb.  per  square  inch,  and  the  charges  of 
7  or  8  tons  are  melted  down  with  the  same  coke  as  is  used 
in  the  blast  furnace.  The  cupola  has  been  found  to  be  most 
economical  in  the  making  of  Bessemer  steet,  and  the  quality 
of  the  produce  is  in  no  way  impaired  by  its  use.  Mr.  Ire- 
land's cupolas  were  first  employed  for  the  Bessemer  process 
in  the  Mersey  Steel  and  Iron  Works  at  Liverpool.  Another 
cupola,  constni(5ted  on  Woodward's  patent,  is  used  at  the 
Manchester  Steel  and  Plant  Company's  Works,  and  at  the 
Neuberg  Works  in  Austria,  a  cupola  worked  with  charcoal  was 
employed  for  the  same  purpose,  before  these  works  succeeded 
in  working  directly  from  the  blast  furnaces.  At  the  Barrow 
Steel  Works  the  spiegeletsen  is  also  melted  in  a  small  cupola. 
At  the  same  place,  experiments  were  made  to  work  the 
pig-iron  direifl  from  the  blast  furnaces  in  the  converters.  It 
was  found,  however,  that  the  quality  of  the  pig-iron  is  not 
sufficiently  uniform  and  regular  to  be  at  all  times  relied  upon 
for  the  Bessemer  process,  without  some  further  control  and 
reiflification,  and  that,  consequently,  the  quantity  of  waste 
or  inferior  material  which  was  likely  to  accrue  from  direct 
working,  would  have  been  more  than  a  balance  to  any  econo- 
mical advantages  which  could  have  been  derived  from  the 
saving  by  the  re-melting  process.  The  Bessemer  pig-iron 
tapped  from  the  furnaces  is,  therefore,  broken  and  examined 
after  each  pig,  and  distributed  over  a  large  surface  into  several 
heaps,  so  that  each  single  heap  does  not  contain  more  than 
half  a  pig,  or  about  }  cwt.  of  iron  from  one  charge.  The 
aAual  composition  of  each  heap  of  pig-iron  stored  in  this 
manner  is,  therefore,  the  average  of  a  very  large  number  of 
castings  divided  over  a  lengthened  period  of  working.  The 
occasional  productions  of  irregular,  or  more  or  less  unsuitable, 
iron,  disappear  in  such  an  admixture,  and  an  average  quality 
of  pig-iron  is  obtained,  presenting  an  uniformity  of  character 
and  a  regularity  of  chemical  composition  far  superior  to  the 
unmixed  make  of  any  blast  furnace,  hovrever  well  and  carefully 
conduced. 
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z.  In  Sweden,  the  process  is  interrupted  as  soon  as  the 
formation  of  steel  has  taken  place,  which  formation  may 
be  observed  by  certain  indications,  while,  in  the  English 
method,  the  pig-iron  is  totally  decarbonised,  and  steel  is 
fbnned  by  the  addition  of  a  suitable  quantity  of  spiegeleisen. 
The  former  process  is  cheaper  when  treating  a  pure  and 
uniform  material,  but  the  uncertainty  of  being  able  to  stop 
the  process  at  the  right  moment  has  led  to  a  more  general 
adoption  of  the  English  method,  which,  besides,  yields  a 
better  and  purer  steel  from  impure  pig-iron.  The  English 
method  also  produces  denser  castings  or  ingots,  as  the  com- 
bustion of  iron  is  carried  on  further,  thus  yielding  a  higher 
temperature  and  a  greater  liquidity  of  the  metal.  It  is  ad- 
visable to  melt  the  spiegeleisen  in  a  different  furnace  from 
that  used  for  re-melting  the  pig-iron. 

3.  Id  Sweden,  the  Bessemer  process  is  conduced  in  fixed 
vessels,  made  of  plates  of  wrought -iron  lined  with  fire-brick, 
and  provided  with  a  spout  for  filling  on  one  side,  with  a  series 
of  horizoDtal  tuyeres  placed  in  a  circle  round  the  bottom,  and 
having  a  dome-shaped  cover  and  inclined  chimney  at  the 
top  for  the  exit  of  gilses.  The  liquid  pig-iron  is  run  into  this 
converter  through  the  opening  in  its  side,  after  the  blast  is 
put  on,  so  as  to  prevent  the  iron  running  through  the  tuyere 
holes,  and  the  blowing  is  continued  until  the  whole  liquid 
charge  is  run  out  of  the  converter  through  the  tapping  hole. 
This  necessarily  introduces  an  element  of  uncertainty  into 
the  process,  which  forms  one  of  the  most  serious  objections 
to  the  fixed  converter.  The  converters  used  in  the  English 
method  may  be  turned  on  their  axes,  thus  allowing  an  easy 
discharge  of  the  metal ;  they  also  allow  the  blast  to  be  easily 
shut  off,  and  larger  quantities  of  steel  may  be  kept  in  them 
for  a  greater  length  of  time,  without  the  introduftion  of  air. 
On  the  other  hand,  these  movable  converters  are  more  diffi- 
cult to  repair,  and  require  a  higher  pressure  of  blast,  as  they 
contain  a  higher  column  of  metal  than  the  fixed  converters. 
The  English  apparatus  and  accessories  are  also  more  ex- 
pensive in  plant  than  those  used  in  Sweden,  as  is  proved  by 
the  following  calculation,  made  by  Wedding  for  use  in  West- 
phalia and  the  provinces  of  the  Rhine  : — 
H  2 
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Sweden.     Enf^and.       Sweden.    Eagland. 
£       s.       £       t.        £       :      £       *. 

3  fixed  converters  .     .       97  10        — 

2  movable  converters  .        —        183    o 

The  pillars  supporting 
theconverters,  pipes, 
and  tubes,  and  the 
mechanism  for  turn- 
ing the  converters  .         —        484  10 

I  ladle,  including  coun- 
terpoise and  water 
pressure  engine  .     .     586    o    56    o 

Total 683  10  1253  10 

1  crane  for  lifting  the 

moulds  and  ingots  .       60    o       60    o 

2  cranes  for  charging 

the  converters    .     .     120     o        — 
I  accumulator  ...        —        225    o 

Total   ; 180    o    283    o 

1  steam  engine  of  60 
and  30  horse  power 
respeftively   ,     .     .  1200     D  2310     q 

Boiler 315     o     682  ro 

Fixtures  of  the  boiier, 
blast  and  steam  pipes      97  zo    ii2  10 

Feeding  pump,  accu- 
mulator, and  pipes .     112  10    281    o 

Total 1725    o  3386    o 

2  pairs  of  reverberatory 

furnaces    ....        —        goo    o 
Building  and  founda- 
tion  300    o    825    o 

Total 300    o  1725    o 

Summary 2888  10  6649  10 

y  per  cent  for  unfore- 
seen expenses    .    .        —  '—        202  10    465  10 

Total  cost. 3091    o  7113     o 

The  cost  of  the  Bessemer  plant  at  the  Atlas  Works  in 
Sheffield,  amounted  to  £6300. 


byCOOglC 


COUPARISON  OP  ENGLISH  AND  SWBDISH  UBTHODS.      lOI 

4.  The  cost  of  producing  Bessemer  steel  depends  chiefly 
on  the  price  of  the  materials,  namely,  pig-iron,  coal,  aod  coke 
for  rc-melting  the  pig-iron,  heating  the  boiler,  &c.,  and  re- 
fraftory  materials,  and  on  the  price  paid  for  labour.  Wedding 
has  calculated  the  comparative  cost  per  week  in  Siegen  of 
the  English  and  Swedish  methods — 

Swedish  Method.   English  Method. 

41  CfaUgM  tub  of  30  chugM  MCh  of 

iiji  lbs.  rawtted.       1500  Ibi.  raw  cteeL 
£      S-     d.  £      ,.     d. 

Plant 9    5    3  16  10    7 

Materials 134    4    o  159  17     i 

Labour 9  iS    0  xi    o    6 

Total  ....    153    7    S  187    8    a 

To  which  must  be  added 
10  per  cent  for  superin- 
tendence and  unforeseen 
expenses 15     6    9  18  14  10 

Total  cost    .    .    168  14    2  206    3    o 

The  cost  for  the  produdtion  of  49,182  lbs.  of  steel  by  the 

Swedish  method  amounts,  therefore,  to  £168  14s,  2d.,  and 

that  for  producing  45,000  lbs.  by  the  English  method,  to 

;f2o6  3s.,  or  6s.  lod.  and  gs.  ijd.  per  100  lbs.  respe»5lively. 

According  to  Gruner,*  the  produiflton  of  100  lbs.  (Prussian) 
or  no  lbs.  English  in  the  experiments  at  Woolwich,  caused 
an  expense  of  6s.  6d.,  and  Bessemer  states  that  the  same 
quantity  may  be  produced  for  4s.  when  the  pig-iron  is  run 
into  the  converter  direifl  from  the  blast  furnace.  Both  state- 
ments are  perhaps  too  low,  as  in  this  calculation  the  general 
cost,  &c.  is  not  taken  into  consideration.  Chenott  records 
the  cost  of  produAion  at  the  Atlas  Works,  Sheffield,  to  be 
as  follows : — 100  lbs.  Prussian  or  1 10  lbs.  English  of  Bessemer 
ingots,  8s.  id. ;  the  steel  hammered  or  rolled  into  rails, 
13s. ;  the  Bessemer  steel  re-melted  in  crucibles,  165.  id. ;  and 
after  being  rolled  or  hammered,  £1  is.  id. 

Wedding's  calculation  proves  that  the  English  method  is 
more  expensive  than  the  Swedish,  but,  nevertheless,  it  is  to 

*  B,  u.  b.  2tg.,  1861,  p.  477. 
t  Ibid.,  1863,  p.  41J. 
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be  pnferred  in  most  cases,  as  it  works  with  greater  cer- 
tainty of  success,  and  may  even  be  employed  with  less  pure 
pig-iron  than  that  required  by  the  Swedish  method. 

According  to  Fremy,*  two  converters  capable  of  working 
charges  of  3  tons,  are  equivalent  to  six  or  seven  refinery  fires, 
nine  puddling  furnaces  working  24  hours,  and  300  crucibles,  in 
the  melting  of  steel.  The  consumption  of  fuel  amounts  to 
scarcely  one-eighteenth  of  the  weight  of  the  produi^t,  while 
in  the  other  methods  it  is  six  or  seven  times  as  large. 

At  Turracht  in  Styria,  the  English  and  Swedish  methods 
are  combined  in  such  a  manner  that  the  liquid  pig-iron  is 
run  direct  from  the  blast  furnaces  into  movable  converters. 
Whilst  three  or  four  men  produced  from  32  to  40  cwts.  of 
raw  steel  in  a  week  by  the  finery  process  with  a  consumption 
of  30  or  40  cubic  feet  of  charcoal  per  cwt.,  the  Bessemer 
converter  now  treats  25  cwts.  of  pig-iron  in  20  minutes  with 
scarcely  any  fuel. 

The  Chemical  ReaAlons  in  the  Bessemer  Process.— 
The  process  requires  the  blast  to  be  introduced  under  a  suffi- 
cient pressure,  which  varies  with  the  liquid  column  of  iron 
in  the  converter.  This  column,  in  the  English  converters,  is 
from  12  to  14  inches  deep.  This  depth  is  not  exceeded  in 
the  converters  of  larger  si^e,  as  they  have  a  larger  diameter 
and  a  greater  number  of  tuyeres  in  proportion,  so  as  to  hold 
more  metal  without  increasing  the  depth  of  the  ferrostatic 
column.  The  blast  pressure  varies  in  the  English  converter 
from  12  to  35  lbs.  on  the  square  inch,  and  6  to  8  lbs.  in  the 
Swedish  converter,  and  it  is  never  less  than  three  times  as 
great  as  the  weight  of  the  liquid  column  which  rests  upon 
the  tuyeres.  This  shows  that  the  resistance  caused  by  the 
liquid  column  bears  only  a  comparatively  small  proportion 
to  the  entire  resistance  presented  to  the  passage  of  the  blast 
through  the  Bessemer  apparatus. 

In  Sweden,  396  cubic  feet  of  blast  per  100  lbs.  of  pig-iron 
are  required,  and  in  England,  about  500  cubic  feet ;  a  most 
perfect  distribution  of  the  blast  in  the  liquid  iron  must  be 
Slimed  at.    A  very  high  temperature  will  then  be  produced 


t  Oetterr.  ZaOu.,  1864,  Noi.  3,  3. 
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fajrthe  combustion  of  the  carboD  and  of  someoftbe  iron,  which, 
however,  is  loivered  again  more  or  less  by  the  produtfts  of 
combustion  and  the  slag,  which  absorb  some  heat,  and  also 
by  iiradiation,  which  varies  with  the  proportion  of  the  melted 
iron  to  the  surface  of  the  vessel,  &c.  The  excess  of  tem- 
perature required  for  keeping  steel  and  wrought-iron  in  a 
liquid  state,  amounts,  according  to  Gniner's  calculation,  to 
^ut  1233°,  a  higher  temperature  is  therefore  produced  than 
is  required  for  keeping  wrought-iron  liquid,  the  melting  point 
of  which  is  between  zSoo°  and  2000°  C,  liquid  pig-iron  having 
a  temperature  of  1600°  or  1700°  C.  The  specified  difference 
of  temperature  exercises  an  important  influence  on  the  large- 
ness of  the  charges,  which  may  be  of  any  weight  between 

1  and  10  tons ;  those  varying  from  3  to  5  tons  are  most 
commonly  used,  while  in  Sweden  they  are,  on  an  average, 

2  tons,  and  were  formerly  only  from  15  to  22  cwts. 

Hot  blast  has  been  experimentally  employed  in  Sweden 
without  producing  the  high  temperature  required,  probably 
owing  to  the  less  amount  of  oxygen  which  was  introduced  in 
the  same  time,  but  it  is  natural  to  suppose  that  hot  blast  will 
focilitate  the  process  if  introduced  in  a  sufficient  quantity. 

The  pig-iron  to  be  charged  should  be  melted  rapidly,  and  at 
the  highest  temperature  which  can  be  produced.  The  gutters 
through  which  the  iron  passes  into  the  converter  must  be  of 
large  setflional  area,  and  carefully  dried  and  heated  previous 
to  tapping.  The  converter  must  have  a  full  white  heat  before 
receiving  the  charge,  and  the  liquid  iron  must  be  run  into  it 
as  rapidly  as  is  compatible  with  safety  and  cleanliness.  The 
converter  should  neverbe  turned  up  before  the  safety  valve  upon 
the  air  vessel  has  commenced  to  blow  off,  and  the  blast  is  let 
on  full  before  the  converter  is  brought  into  an  upright  position. 

The  process  is  judged*  chiefly  by  the  appearance  of  smoke, 
flame,  and  sparks,  which  are  emitted  from  the  apparatus,  and 
accordingly,  the  process  may  be  divided  into  three  periods, 
which,  however,  are  not  always  clearly  perceptible. 

*  Lbob-i  Jahrb<i  vi.,  256;  ix.,  41;  x.,  201;  xii.,  136.  Bericht  Qber  die 
iweiu  Veraamnilang  der  Berg-and  Hilttenin&nner  in  Wien,  1S63,  p.  65. 
Dnoi..  Bd.  160,  p.  agi.  Be^geUt,  i860,  p.  564.  B.  u.  h.  Ztg.,  iSCi,  p.  68; 
1863    p    355-      Ann.    d.  Min.,  1863,  livT.  5.     WANOANHitM,  der  BeuemM 
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The  First  Period,  also  designated  the  refining  period,  or 
tliat  for  the  formation  of  slag,  is  charaifterised  by  a  slightly  ' 
luminous  dark  reddish-brown  or  yellow  flame,  a  thin  smoke, 
with  a  good  many  scintillating  sparks  of  burning  iron.  As 
in  the  refining  process,  iron  and  silicon  are  first  oxidised, 
owing  to  the  affinity  of  protoxide  of  iron  to  silica.  Man- 
ganese oxidises  at  the  same  time,  partly  direct,  and  partly 
by  the  readtion  of  the  peroxide  of  iron ;  protoxide  of  man- 
ganese is  thus  fonued,  which,  being  a  strong  base,  facilitates 
the  removal  of  sihcon.  The  slag  formed  also  enters  into 
combination  with  the  silica  of  the  lining  of  the  apparatus, 
and  becomes  more  and  more  basic  and  rich  in  magnetic 
oxide.  The  graphitic  carbon  is  transformed  into  chemically 
combined  carbon ;  only  a  small  part  of  it  bums,  forming 
first  carbonic  oxide  and  then  carbonic  acid,  and  the  flame  of 
carbonic  oxide  gas  colours  the  escaping  flame  yellow,  owing 
to  the  surplus  of  atmospheric  air  which  it  contains.  This 
period  occupies  about  4  or  6  minutes.  A  high  temperature 
is  produced  at  this  stage  of  the  process- chiefly  by  the  com-' 
bustion  of  iron,  and  this  temperature  is  retained  in  the 
produifl  of  combustion  (oxidised  iron),  whilst  carbonic 
oxide  is  formed  in  the  following  period.  The  temperature 
rises  again  in  the  last  period,  owing  to  the  combustion  of 
iron. 

The  length  of  the  first  period  depends  entirely  on  the  size 
of  the  charge,  and  the  amount  of  graphite  and  silicon  con- 
tained in  the  pig-iron,  as  is  proved  by  the  following  analyses 
of  different  kinds  of  Swedish  pig-iron,  made  by  Boman  : — 

Graphite 4'io  4*00  3-95  3*900 

Chemically  9ombined  car- 
bon        0*27  0*42  0*48  o*6oo 

Silicon 1 74  I  "34  0*94  0"95D 

Manganese o"z8  0"Z2  0*49  0*216 

Calcium —  —        —  0*244 

Magnesium —  —  —  trace 

Aluminium —  —  —  — 

Iron —  —  —  93-660 

Copper —  —  —  0*003 

Phosphorus     ....      —  —  —  0*018 

Sulphur —  —  —  0*020 
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Number  of  the  hardness  of  the  pig-iron  i"5  1*3  1*5  2"0 
Amount  of  the  chaises  ....  cwts.31  34  41  34 
Time  for  the  fonnation  of  slag  .  minutes  8'5    8'5    2*5     I'O 

The  Second  or  Boiling  Period  is  characterised  by  the 
faft  of  the  metal  bath,  which  is  intimately  mixed  with  the 
basic  slag,  rising  and  foaming  vigorously,  owing  to  the 
evolution  of  gas;  the  slag  oxidises  the  carbon,  and  the 
iron  thus  reduced  becomes  again  oxidised  by  the  a£tion  of 
the  blast.  As  a  far  more  considerable  evolution  of  gas  (car- 
bonic oxide  and  atmospheric  nitrogen)  takes  place  than .  in 
the  first  period,  small  portions  of  liquid  masses,  chiefly  of 
siag,  are  thrown  out,  slightly  exploding,  the  shower  of  sparks 
of  burning  iron  decreases,  and  the  flame  assumes  a  blue 
colour  for  the  reason  that  less  iron  is  burnt,  and  carbonic 
oxide  gas  bums  with  a  blue  flame.  This  lasts  for  about  6  or 
S  minutes,  when 

The  Third  Period  commences.  The  carbon  which  still 
remains  is  now  mostly  oxidised  to  carbonic  acid,  by  the 
aiflion  of  the  blast  and  by  the  slag,  which  has  become  more 
acid.  In  the  Swedish  method,  the  more  or  less  perfect  re- 
moval of  the  carbon  depends  on  whether  the  production  of 
hard  or  soft  steel  is  desired,  which  will  hereafter  be  de- 
scribed more  at  length.  In  the  English  method,  the  de- 
carbonisation  is  continued  until  the  last  trace  of  carbon  is 
burnt  away.  The  flame  is  less  luminous,  and  gives  the 
characteristic  bluish  violet  of  carbonic  oxide,  containing 
now  and  then  other  colours,  chiefly  green  and  blue.  The 
flame  is  intensely  hot.  The  eruptions  gradually  cease,  and 
the  shower  of  sparks  increases  again,  owing  to  a  combustion 
of  iron.  Malleable  wrought-iron  has  now  been  formed,  and 
80  high  a  temperature  is  produced,  that  it  is  capable  of 
keeping  the  wrought-iron  liquid  for  some  time.  This  high 
temperature  is  due  to  the  faCt  that  the  heat  produced  is  no 
longer  absorbed  by  oxidation  and  formation  of  carbonic  oxide, 
which  is  the  case  in  the  second  period.  The  wrought-iron 
is  more  thinly  liquid  than  steel,  but  it  is  more  liable  to 
Bohdify.  When  the  flame  disappears  entirely,  and  only  a 
stream  of  clear  luminous  gas  from  the  interior  is  emitted 
horn  the  apparatus,  whilst  the  melting  mass  within  has 


,;  Google 


I06  STBBL. 

BCttled  down,  all  the  carbon  ia  removed,  and  the  oxygen  of 
the  atmospheric  air  oxidises  the  iron,  transforming  it  into 
the  state  of  coarse  crystalline  burnt  iron.  This  vety  pure 
product  is  red-short,  owing  either  to  its  crystalline  texture, 
or,  according  to  Fremy,  to  the  presence  of  nitn^en,  or 
perhaps  to  the  absorption  of  oxygen,  but  it  may  be  rendered 
malleable  by  heating  it  under  a  cover  of  coal,  thus  forming  the 
purest  and  softest  iron  which  can  be  produced  metallurgically. 
An  addition  of  spiegelcisen  will  convert  burnt  iron  into  steel. 
The  purpose  and  intention  of  the  final  addition  of  spiegel- 
cisen* (about  ID  per  cent)  is  to  remove  the  excess  of  oxygen. 
The  elements  by  which  we  can  eBt6t  this  removal  are  carbon, 
silicon,  and  manganese.  Of  these,  silicon  has  one  important 
advantage,  namely,  that  it  forms  no  gaseous  combination 
with  oxygen,  and  therefore  causes  no  ebullition  in  the  ladle  or 
in  the  moulds.  There  is,  however,  a  great  danger  of  over- 
charging the  steel  with  the  silicon,  and  by  so  doing,  causing  it 
to  be  brittle,  hard,  and  slightly  elastic.  Carbon  and  manganese 
form  gaseous  combinations  with  oxygen  at  the  high  tem- 
perature existing  in  the  converter,  the  ebullition  in  the  ladle 
and  moulds,  therefore,  is  not  easily  avoided  when  these  ele- 
ments are  used  for  removing  the  oxygen,  but  the  excess  of 
carbon  gives  the  required  hardness  to  the  steel,  and  any 
surplus  of  manganese  remaining  in  the  steel  is  comparatively 
harmless  as  regards  the  quality  of  the  produdt.  When 
silicon  is  present,  the  manganese  is  less  liable  to  cause 
ebullition,  since  it  can  form  a  liquid  slag.  For  these  reasons, 
the  final  addition  to  the  Bessemer  charge  should  contain 
the  three  elements,  carbon,  silicon,  and  manganese.  To 
allow  for  the  uncertainty  of  the  quantity  of  ox^en  left  in 
each  charge,  there  should  be  a  surplus  of  manganese,  but 
no  more  silicon  than  is  required  to  form  a  slag  with  the 
greater  portion  of  the  oxide  of  manganese,  and  only  sufficient 
carbon  for  the  final  carbonisation  of  the  charge  of  steel.  The 
natural  spiegelcisen  is,  as  a  rule,  too  poor  in  manganese  and 
too  rich  in  carbon  to  produce  this  cffeA ;  and  consequently, 
when  steel  is  made  by  its  applicatiou,  it  is  difficult  to  produce 

*  KOhh,  Manufadure  of  Iron  and  Steel,  p.  83. 
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a  veiy  soft  quality.      Mr.  Hendeisoa's  ferro-manganese, 

irtiich  coQtains  from  20  to  30  per  cent  of  manganese,  with 
5  per  cent  of  carbon,  and  a  small  quantity  of  silicon,  is  ^ 
substance  of  much  greater  value  in  the  produAion  of  the 
highest  qualities  of  soft  steel ;  and  from  the  manner  in  which 
these  artificial  alloys  are  manufaAured,  it  is  possible  to  bring 
the  relative  quantities  of  the  elements  to  almost  any  desired 
proportion. 

The  spiegeliesen  should  not  be  kept  in  the  furnace  for  any 
length  of  time,  or  it  will  lose  its  manganese  and  silicon  by 
oxidation.  It  should  run  into  the  converter  very  quickly, 
so  as  to  enter  the  liquid  charge  with  a  certain  momentum. 
This  prevents  its  coUe<5ting  upon  the  surface  of  the  decar- 
bonised iron,  which  has  a  greater  specific  gravity  than  spiegel- 
eisen  or  ferro-manganese.  After  the  final  addition,  it  is  not 
necessary  to  turn  up  the  converter  a  second  time,  since  an 
immediate  reaflion  takes  place ;  and  although  the  blast  is 
entirely  shut  off,  a  large  white  flame  rushes  out  of  the  con- 
verter. 

This  last  period  occupies  about  5  or  6  minutes,  therefore 
the  whole  process,  with  a  charge  of  from  i  to  3  tons,  only 
lasts  from  15  to  20  minutes. 

This  rapidity  is  due  to  the  uniform  and  intimate  contaift 
of  the  air  with  the  iron  at  high  temperatures,  and  also  to  the 
absence  of  fuel,  which,  in  the  finery  process,  lessens  the 
oxidising  reat^on  of  the  air  and  the  slags.  In  the  puddling 
process,  the  oxidation  is  not  so  rapid  as  in  the  Bessemer  pro- 
cess, because  the  masses  in  the  puddling  fumace  are  at  a 
lower  d^ree  of  liquidity,  and  the  temperature  of  the  fumace 
is  not  so  high. 

After  the  liquid  steel  has  been  mixed  with  ^iegeleisen,  it 
is,  in  most  cases,  immediately  poured  into  the  ladle.  An 
^eptioD  is,  however,  made  when  no  flame  is  visible  at  the 
mouth  of  the  converter,  after  the  addition  of  spiegeleisen  or 
ferro-manganese ;  in  this  case,  the  vessel  must  be  turned  up 
a  second  time,  and  the  blast  passed  through  it  for  a  few 
seconds.  This  is  done  because  the  absence  of  a  vivid  re- 
aOion  indicates  that  the  charge  had  not  been  blown  long 
enough  in  the  first  instance,  causing  no  surplus  of  oxygen  to 
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be  left  in  it,  and  the  additional  time  of  blowing  is  therefore 
required  for  the  removal  of  the  excess  of  deoxidising  elements 
aflded  at  the  end  of  the  charge. 

The  moulds  are  arranged  on  the  floor  of  the  casting  pit  in 
a  semi-circle  round  the  ladle,  which  is  raised  to  a  sufficient 
height  to  clear  the  top  of  the  moulds,  and  is  turned  so  as  to 
bring  the  hole  over  the  centre  of  each  successively;  the  plug 
is  lifted,  and  the  molten  steel  flows  out  in  a  stream  about  an 
inch  in  thickness.  Care  must  be  taken  to  prevent  the  stream 
from  striking  against  the  side  of  the  mould,  as,  in  this  case, 
the  ingot  is  likely  to  be  unsound.  When  the  mould  is  filled, 
a  small  quantity  of  sand  is  thrown  on  the  surface  of  the 
metal,  which  is  then  covered  by  a  piece  of  thin  sheet-iron, 
and  the  whole  is  secured  by  a  cross  bar,  passing  through  two 
eyes  on  the  top  of  the  mould. 

The  most  important,  and  at  the  same  time,  the  most  diffi- 
cult part  in  the  management  of  a  Bessemer  charge,  is  the 
determination  of  the  precise  moment  when  the  charge  is 
completed,  and  when  the  vessel  must  be  turned  down  to 
receive  the  final  dose  of  spiegeleisen.  When  the  flame  is 
clearly  visible  at  the  end  of  the  charge,  there  is  no  difficulty, 
after  a  little  experience,  in  recognising  a  sudden  change  in  its 
colour  and  appearance ;  but  some  qualities  of  iron  evolve 
such  masses  of  dense  smoke,  red,  white,  brown,  or  yellow  in 
colour,  that  the  flame  is  completely  covered,  and  it  is  not 
easy  to  ascertain  when  the  change  takes  place.  The  speiftro- 
scope,  the  slag  test,  and  other  similar  appliances  (which  will 
be  described  when  treating  of  the  Swedish  method)  are  then 
brought  into  requisition  with  more  or  less  success ;  but 
fortunately  these  troublesome  kinds  of  iron  form  the  excep- 
tion, and  not  the  rule,  with  the  pig-iron  used  in  the  Bessemer 
process. 

Another  important  point  is  the  proper  management  of  the 
blast,  and  many  of  the  first  experiments  failed  because  either 
too  little  blast  or  blast  of  too  low  pressure  was  employed. 

After  the  converter  is  charged,  the  blast  must  be  admitted 
before  it  is  turned  back  to  the  vertical  position,  otherwise  the 
molten  metal  will  run  down  through  the  tuyeres.  A  pressure 
of  5  or  6  lbs.  per  square  inch  is  required  to  overcome  the 
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hydraulic  head  of  the  liquid  column  of  metal,  and  from  9  to 
14  lbs.  more,  to  force  the  air  through  with  the  proper  velocity, 
or  from  15  to  26  or  25  lbs.  per  square  inch  total  pressure. 

Now  the  resistance  which  the  blast  must  overcome*  in 
passing  throagh  the  converter,  is  composed  first,  of  the 
friction  in  the  pipes  and  passages  between  the  vessel  and 
the  tuyere  hex  ;  secondly,  of  the  fritflion  and  resistance 
caused  by  the  many  narrow  holes  of  the  tuyeres  ;  thirdly,  of 
the  head  of  liquid  column  covering  the  tuyeres,  and  the 
friftion  within  the  liquid  metal;  and  fourthly,  of  the  friiftion 
and  resistance  caused  by  the  contratfled  mouth  of  the  con- 
verter. The  sum  total  of  the  resistances  offered  to  the  blast 
in  passing  through  the  vessel,  is  measured  by  the  pressure 
guage  on  the  platform ;  and  it  is  therefore  obvious  that  the 
variations  of  pressure,  as  indicated  by  the  guage,  do  not  of 
themselves  show  to  what  cause  any  particular  item  is  due. 
The  burning  or  shortening  of  the  tuyeres  may  lessen  the 
friAion,  or  the  partial  choking  reduce  the  area  of  passage ; 
the  iron  may  become  more  or  less  fluid;  the  throat  may  be 
partly  filled  with  slag,  and  thereby  reduced  in  area,  or  a  leak 
in  the  pipes  may  cause  a  less  pressure  of  air ;  all  these  and 
many  other  causes,  which,  by  their  simultaneous  aiftion,  inter- 
fere Mrith  each  other's  individual  effeifls  upon  the  pressure 
guage,  make  the  indication  of  that  instrument  somewhat 
confused  and  difficult  to  understand.  It  is  better,  therefore, 
in  controlling  the  blast  pressure  during  the  process,  to 
observe  the  behaviour  of  the  converter  rather  than  the 
indications  of  the  pressure  guage.  The  speed  of  the  gaseous 
current  must  be  so  great,  that  the  flame  which  rushes  out  of 
the  converter  maintains  a  clear  and  well-defined  outline  and 
a  steady  position.  If  the  flame  begins  to  waver  or  oscillate 
laterally,  it  is  always  considered  a  sign  of  insufficient  blast 
pressure.  An  excess  of  blast  pressure  is  attended  with 
violent  and  very  voluminous  eruptions  of  slag  and  metal  from 
the  vessel;  this  can  be  easily  remedied  by  allowing  a  portion 
of  the  blast  to  escape  from  the  main  pipe.  This  means  is 
preferable   to  throttling,  because  it  does  not  throw  any 

*  IUhn,  Honabanre  of  Itor  and  Sl«el,  p.  83. 
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sudden  back  pressure  upon  the  blowing  engine,  and  allows 
the  latter  to  maintain  a  uniform  speed. 

An  accident  which  occasionally  happens,  is  the  cracking 
of  a  tuyere.  If  this  takes  place  during  the  earlier  part  of 
the  process,  the  vessel  may  with  safety  be  turned  down, 
and  the  metal  will  remain  fluid  while  a  fresh  tuyere  is  in- 
serted. If  the  accident  happens  during  the  later  stage  of 
the  process,  the  danger  of  setting  or  solidifying  is  much 
greater,  but  with  skilful  management  there  is  still  a 
possibility  of  saving  the  charge.  The  vessel  is  turned  down 
for  a  second,  and  this  allows  the  liqaid  steel,  which  fills  the 
crevices  of  the  cracked  tuyere,  to  solidify  and  choke  the 
escapis  passage  or  leak.  The  vessel  is  thereby  rendered 
tight  for  a  few  moments,  after  which  time  the  process  may 
be  repeated.  It  is  possible  for  such  an  operation  to  be 
renewed  three  or  four  times,  and  the  few  fractions  of 
minutes  thus  gained  may  be  sufficient  to  complete  the  con- 
version of  the  charge. 

The  most  important  question  is  the  selection  of  the  pig- 
iron,  as  injurious  substances  contained  in  the  pig,  chiefly 
sulphur  and  phosphorus,  cannot  be  removed  in  the  Bessemer 
process,  owing  to  the  rapidity  of  the  operation  and  the 
higher  temperature  at  which  it  is  carried  on,  as  well  as  the 
impossibility  of  tapping  off  the  slags  which  have  received 
the  greater  part  of  the  impurities.  Phosphate  of  iron  and 
manganese  which  has  been  formed,  is  reduced  at  the  high 
temperature  by  metallic  iron,  and  the  phosphorus  combines 
again  with  the  iron  ;  a  small  portion  of  the  sulphur  is  trans- 
formed into  sulphurous  acid,  but  is  immediately  decomposed 
again  by  metallic  iron  ;  the  greater  part  of  the  sulphur  enters 
the  slag  as  a  sulpho-silicate,  from  which  it  is  again  taken  by 
the  imn.  The  sulphur  is  more  perfedlly  removed  in  the 
English  than  in  the  Swedish  process,  because,  by  the  addition 
of  spiegeleisen,  it  is  distributed  into  a  greater  mass,  and  part 
of  it  is  separated  by  manganese. 

The  percentages  of  the  impurities  of  pig-iron,  namely, 
silicon,  carbon,  manganese,  sulphur,  phosphorus,  and  cop> 
per,  must  all  correspond  to  certain  figures,  ascertained  by 
experience,  or  must,  at  least,  remain  within  certain  limits. 
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in  order  to  insure  a  complete  trustworthiness  and  regularity 
of  prafUce,  -with  the  produ<5lion  of  a  high  quality  of  metal. 

Sulphur,  phosphorus,  and  copper  must  also  be  limited  to 
the  extremely  small  percentage  of  O'os,  whenever  a  high 
quality  of  metal  is  to  be  produced,  as  the  amount  of  neither 
ct  these  ingredients  is  sensibly  reduced  by  the  process. 
However,  the  influence  of  phosphorus  on  steel  requires  fur- 
ther investigation,  as  no  exadt  percentage  is  known  within 
which  phosphorus  is  harmless.  We  may  expcdl  valuable 
information  on  this  subjeifl  from  the  trials  with  Meaton's 
patent  process,  which  are  now  being  carried  on.  Opinions 
also  differ  as  to  the  influence  of  sulphur  in  the  Bessemer 
process.  Whilst  Bessemer  considers  o'l  percent  of  sulphur 
in  the  pig-iron  to  be  too  much,  Tunner  considers  that  Styrian 
pig'iron  with  o'2  per  cent  of  sulphur  is  still  applicable,  be- 
cause sulphur  in  small  quantities  does  less  injury  to  the 
quality  of  steel  than  to  that  of  wrought-iron ;  for  this  reason, 
some  sorts  of  coke  pig-iron,  which  mostly  contain  sulphur, 
yield  a  useful  product  in  the  Bessemer  process,  the  more  so 
as  the  presence  of  manganese  improves  iron  or  steel  con- 
taining sulphur,  but  not  such  as  contain  phosphorus.  Ex- 
periments made  at  Turrach  with  more  impure  iron  than  that 
of  the  otho:  Styrian  iron  works  have  confirmed  this  view,  as 
the  impure  iron  yielded  a  good  steel,  hut  inferior  wrought-iron. 
Boman  states  that  0*015  per  cent  of  sulphur  may  be 
removed  in  the  Bessemer  process,  if  the  pig-iron  is  otherwise 
suitable. 

According  to  Wedding,  a  small  amount  of  silicon,  z  or 
li  per  cent,  facilitates  the  development  of  heat  in  the  first 
period  of  the  process,  as  the  silicon  bums,  whilst  the  silica 
taken  from  the  furnace  lining  or  slag  which  may  be  pre- 
sent, absorbs  temperature ;  silicon  also  facilitates  the  for- 
mation of  slag,  owing  to  its  uniform  distribution  in  the  liquid 
iron.  A  very  large  amount  of  silicon,  such  as  is  contained 
in  the  darkish  grey  pig-iron,  produced  at  very  high  tempera- 
ture, gives  rise  to  the  formation  of  a  siliceous,  hard,  red-short 
steel,  and  to  a  greater  loss  of  metal.  According  to  Bessemer, 
the  percentage  of  silicon  should  not  be  below  i '  per  cent,  or 
above  a  per  cent. 
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A  certain  amount  of  aluminium  is,  according  to  Gruner 
and  Lan,  more  injurious  than  is  generally  believed,  and  it 
appears  that,  for  this  reason,  the  iron  ores  from  Dannemora, 
which  are  poor  in  alumina,  form  an  excellent  material  for 
the  Bessemer  process. 

In  this  process,  manganese  exerts  a  favourable  influence, 
as  it  does  also  in  the  other  methods  of  producing  steel 
(page  32),  and  its  chief  effeft  is  to  protradt  the  first  period,  in 
which,  by  the  oxidation  of  silicon,  manganese,  and  chiefly 
of  iron,  and  previous  to  the  burning  of  carbon,  so  high  a 
temperature  is  developed  as  to  keep  the  mass  liquid  in  the 
second  period,  during  which  the  temperature  is  lowered  by 
the  formation  of  carbonic  oxide. 

Graphitic  carbon  aifls  like  manganese,  protracting  the  first 
period,  as,  before  it  oxidises,  the  greater  part  of  it  requires 
to  be  transformed  into  chemically  combined  carbon.  If 
white  pig-iron,  which  only  contains  chemically  combined 
carbon,  is  treated,  the  second  period  of  the  process  will  com- 
mence at  once,  as  is  proved  by  the  experiments  made  at 
Edsken.  The  carbon  oxidises,  and  the  temperature  produced 
is  not  sufficiently  high  to  keep  the  mass  liquid.  A  thickly 
liquid  steel  intermixed  with  slag  will  result,  and  the  ingots 
will  be  coated  with  oxide  and  covered  with  dull  blisters ; 
such  steel  cannot  be  condensed  by  hammering. 

The  best  materials  for  the  Bessemer  process,  as  proved  by 
experience,  are  the  good  grey  sorts  of  pig-iron  free  from  sul- 
phur and  phosphorus,  and  if  coke  and  chareoal  pig-iron  are 
equally  pure,  the  former  is  to  be  preferred,  as  its  graphite  is 
transformed  into  chemically  combined  carbon  with  greater 
difficulty  than  that  of  charcoal  iron,  thus  causing  the  first 
period  to  be  protraiited, 

Kohn  considers  the  distinction  made  between  combined 
and  uncombined  or  graphitic  carbon,  when  judging  of  the 
applicability  of  pig-iron  for  the  Bessemer  process,  to  be  a 
prejudice ;  and  he  may  possibly  be  right,  and  the  quantity  of 
carbon  contained  in  the  pig-iron,  may  be  of  greater  impor- 
tance than  the  state  of  combination. 

The  same  author  states  in  his  valuable  book,  which  we 
have  before  mentioned,  and  which  has  furnished  us  with 
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many  details  in  our  description  of  the  Bessemer  process, 
that  the  percentage  of  carbon  ought  to  be  as  high  as  possible, 
and  should  never  be  below  3  per  cent.  Concerning  the 
quality  of  pig-iron  required,  he  furthermore  makes  the  fol- 
lowing statement : — To  a  certain  extent,  the  presence  of  man- 
ganese  replaces  that  of  carbon,  but  the  pig-iron  charges 
should  not  contain  more  than  3  per  cent  of  manganese,  be- 
cause the  great  affinity  of  this  substance  for  oxygen  causes  a 
violent  action  in  the  converter,  resembling  a  series  of  explo- 
sions, by  which  a  great  quantity  of  metal  is  thrown  out. 
Silicon  counteradls  this  violent  action  of  manganese,  and  a 
charge  of  manganiferous  pig-iron,  mixed  with  a  suitable  pro- 
portion of  pig-iron  containing  about  3  or  3'5  per  cent  of 
silicon,  works  quietly  and  yields  an  excellent  produ<ft.  In  a 
similar  manner  it  is  very  advantageous,  in  making  up  the 
chai^  for  the  converter,  to  mix  pig-iron  which  is  overcharged 
with  silicon  with  a  proportionate  quantity  of  spiegeleisen. 
The  chat^  requires  at  least  z  per  cent  of  manganese  for 
each  per  cent  of  silicon  that  it  holds  in  excess  of  the  requisite 
quantity,  say  i^  per  cent.  When  the  pig-iron  is  melted  in 
an  air  furnace,  the  percentage  of  carbon,  silicon,  and  man- 
ganese are  sensibly  diminished  by  the  ordinary  influence  of  the 
flame.  This  effeiSt,  to  a  certain  extent,  depends  on  the 
management  of  the  melting  furnace,  and  the  attention  of  the 
operator  should  be  directed  to  the  prevention  of  an  excessive 
oxidation  in  the  air  furnace.  When  a  cupola  is  used  for 
melting  the  pig-iron,  or  when  the  pig-iron  is  run  direct  from 
the  blast  furnace  into  the  converter,  the  proportionate  quan- 
tities of  carbon,  silicon,  and  manganese  named  above,  may 
be  slightly  reduced. 

The  iron  most  preferred  in  Sweden,  is  produced  from 
roasted  ores  and  highly  basic  mixtures  at  very  high  tempera- 
tures. On  tapping,  the  pig-iron  flows  with  a  white  colour 
without  sparkling,  and  is  run  into  slightly  warmed  iron 
moulds  I  inch  thick.  When  cool,  it  perhaps  shows  a  veiy 
small  stripe  of  white  iron.  About  15  per  cent  more  coal  is 
consumed  in  the  production  of  this  iron  for  the  Bessemer 
process,  than  in  the  produ<ftion  of  common  white  forge 
iron.    The  masses  whidi  are  thrown  out  of  the  converter, 
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containing  about  90  per  cent  of  pig-iron,  are  gradually  added  to 
the  ore  mixture  in  small  quantities. 

The  best  English  pig-iron  that  can  be  used  in  the  Bessemer 
process  is  that  smelted  from  Cumberland  hsematite,  about 
No.  z  or  2  in  greyness.  According  to  Bauerman,  it  should 
contain  from  ij-  to  2  per  cent  of  silicon  as  a  minimum,  and 
not  more  than  o'2  per  cent  of  phosphorus. 

According  to  Jordan,  the  pig-iron  for  the  Bessemer  process 
at  Essen  in  Westphalia,  is  produced  from  mixtures  of  spathic 
ore  and  hsematite,  and  shoiHd  contain  of  foreign  matters — 

percent. 

Manganese maximum    1*00 

Sulphur „         o'04 

Phosphorus •„         0'o6 

Carbon minimum  5-00 

Silicon „  Z'Oo 

The  following  complete  series  of  analyses,  taken  at  different 
stages  of  the  Bessemer  process,  will  be  found  interesting. 
It  refers  to  the  Austrian  Government  Works  at  Neuberg  in 
Styria.  The  pig-iron  operated  on  was  smelted  from  the  spathic 
ores  of  the  Erzberg  with  charcoal : — 
Analyses  of  Metal. 

I.  n.  III.  rv.  V. 
Carbon,  graphitic  .  .  3'i8o  —  —  —  — 
Carbon,  combined  .    .    0750    2*465    0*949    0*087    0*234 

Silicon 1*960    0*443    0"ii2    0*028    0*033 

Phosphorus  ....    0*040    0*040    0*045    ^'^5    0*044 

Sulphur 0*018     trace    trace     trace    trace 

Manganese    ....    3*460    1*645    0*429    0*113    0*139 

Copper 0*085    o'ogi    0*095    0*120    0*105 

No.  I,  original  pig-iron. 

No.  2,  metal  taken  at  the  end  of  the  first  period. 
No.  3,  metal  taken  after  the  boil. 
No.  4,  metal  taken  at  end  of  blowing. 
No.  5,  metal  restored  to  steel  by  addition  of  pig-tron. 
Composition  of  Slags. 

II.        HI.         IV.         V. 

Silica 46*78    51*75    46*75    47*27 

Alumina 4'65      2*98      2*80      3*43 

Protoxide  of  iron     .    .     .      678      5*50    i6*86    15*43 
Protoxide  of  manganese  .    37*00    37*90    32'23    31*89 
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Composition  of  Slags  {continued). 

II.          III.          IV.  V. 

Lime a'gS      176      I'lg  1*23 

Magnesia i'53      0*45      0*52  o'6z 

g^    \ traces  throughout 

Sulphur 0*04     trace     trace     trace 

Pbosphoras 0-03      o"02      o"oi      0*01 

These  analyses  are  numbered  to  correspond  with  those  of 
tbe  metal  taken  at  the  same  time. 

The  ingots  are  removed  from  the  moulds  while  still  red- 
hot,  but  they  cannot  be  rolled  immediately,  as  they  are  too 
hot  inside  and  not  strong  enough  to  be  drawn  out.  They 
are,  therefore,  either  allowed  to  cool  or  are  placed  in  a 
heating  furnace,  which  keeps  the  outside  of  the  ingots  suffi* 
ciently  warm,  'whilst  the  inside  becomes  gradually  cooled  to 
the  temperature  required  for  rolling,  &c. 

Apparatus  for  handling  heavy  ingots  are  patented  by  Mr. 
John  Ramsbottom,  of  Crewe,  and  are-described  in  F.  Kohn's 
"  Iron  and  Steel  Manufaiiture." 
The  ingots  are  liable  to  have  tbe  following  defeifts: — 
a.  Cracks  lengthwise;  these,  however,  seldom  occur,  and, 
according  to  Boman,  they  originate  from  a  defe<5t  in  the 
moulds,  which  prevents  a  uniform  contra<ftion  of  the  ingots  in 
cooling  (page  122). 

6.  Cracks  occur  crosswise  on  the  upper  part  of  the  ingot,  if 
liquid  metal  runs  out  after  the  mould  is  closed,  the  contraction 
of  the  upper  part  while  solidifying  being  thus  impeded. 

c.  Cracks  on  the  bottom  occur  in  consequence  of  the  great 
piessure  which  the  liquid  mass,  in  the  interior  of  the  ingot, 
exerts  upon  the  lower  parts  of  the  ingot  which  first  solidify. 
These  cracks  may  be  prevented  by  placing  the  moulds  im- 
mediately after  casting  in  a  nearly  horizontal  position,  so 
that  their  upper  part  is  only  slightly  elevated  above  the 
lower  part. 

d.  Soft  steel  is  generally  porous  at  the  edges  when  cast  in 
narrow  moulds  at  a  veiy  high  temperature,  whilst  the  liquid 
steel  is  running  in  a  large  stream.  The  reasons  for  this  require 
further  explanation,  and  the  different  opinions  held  as  to  this 
behaviour  of  steel,  will  be  given  when  we  treat  of  cast-steel. 
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The  holes  in  such  steel  have  sometimes  a  silver-white 
surface,  and  are  therefore  free  from  oxide  ;  an  ingot  of  this 
kind  will  become  perfectly  dense  when  forged  at  the  right 
temperature,  and  will  be  uniform  after  being  drawn  out 
under  the  hammer  or  rolls  ;  it  does  not,  however,  attain  so 
fine  a  grain  as  cast-steel.  These  holes  are  more  numerous 
in  the  centre  of  the  ingots,  whilst  a  second  kind,  generally 
prevailing  in  the  vicinity  of  the  outer  surface,  are  coated  with 
a  film  of  oxide ;  and  steel  in  which  tarnished '  holes  occur 
cannot  be  rendered  uniform  by  foi^ngj  It  is  assumed  that 
the  film  of  oxide  is  due  to  the  adlion  of  free  oxygen,  inclosed 
in  the  bubble  at  the  time  of  its  formation. 

Great  improvements  have  been  made  in  the  production 
of  ingots  free  from  blister  and  slag,  as  for  instance,  the 
shutting  off  of  the  blast  immediately  after 'conclusion  of  the 
process,  the  cooling  of  the  over -heated  steel  to  a  certain 
degree  before  casting,  and  the  casting  of  ingots  from  the 
bottom,  &c. 

The  texture  of  these  ingots,  however,  is  always  loose,  and 
requires  to  be  condensed  by  a  strong  hammering. 

When  castings  are  being  formed,  the  contraction  must  be 
taken  into  consideration  on  making  the  moulds ;  this  con- 
trartion  of  Bessemer  iron  and  soft  steel  is  3'5  per  cent. 

The  produdt  of  the  Bessemer  process  sometimes  breaks 
suddenly  when  bent  on  an  anvil  at  a  temperature  a  little 
above  red-heat ;  but  it  behaves  like  good  iron  or  steel  when 
treated  at  a  higher  or  lower  temperature.  It  is  chiefly 
Bessemer  iron,  containing  0*4  per  cent  or  less  of  carbon, 
that  has  this  deficiency ;  it  is  then  usually  called  burnt.  An 
addition  of  i  per  cent  of  fused  spiegeleisen  to  the  ladle 
which  contains  the  burnt  iron,  will  improve  its  quality. 

The  English  Method  of  Conducfllng  the  Bessemer 
Process. 
The  following  apparatus  are  required  for  this  method  : — 
I.  Bessemer  Furnace  or  Converter. — Bessemer,  after 
having  employed  various  movable  and  fixed  vessels,  has, 
at  last,  adopted  a  movable  egg-  or  pear-shaped  vessel,  sus- 
pended   on    trunnions,    and    provided    with    appropriate 
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machinery,  whereby  it  may  be  rotated  vertically,  through  an 
angle  of  about  180°.  The  outer  casing  is  made  of  wrought- 
iron  plates  riveted  together,  and,  in  its  original  form,  was 
not  unlike  a  soda-water  bottle,  supposing  the  pointed  end  to 
be  flattened,  and  the  neck  turned  over  at  an  angle  of  about  30° 
to  the  body.  In  the  more  recent  forms,  however,  especially 
those  intended  for  working  with  large  charges,  increased 
capacity  is  obtained  by  making  the  body  and  lower  part 
cylindrical. 

The  new  apparatus  used  at  Seurin  de  I'lsle  in  France  is 
represented  by  Figs.  lo  to  14. 

Fig.  10. 


The  converting  vessel,  A,  consists  of  two  parts,  which  are 
united  by  screw  bolts  at  a  and  b,  and  can  be  separated  for 
convenience  in  lining.  In  some  of  the  more  modem  designs 
this  joint  has  been  discarded,  and  replaced  by  one  at  the 
bottom  of  the  vessel,  which  allows  the  entire  bottom  of  the 
converter,  with  its  tuyeres  and  tuyere-box,  to  be  removed, 
whilst  the  rest  of  the  vessel  remains  intaift.  The  interior 
lining,    c,    of  the  converter  must    be    made  of  the  most 
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refratftory  material  that  can  be  obtained.  Fire-brick,  clay,  or 
sand  may  be  used;  but  in  Sheffield,  and  in  England  generally, 
an  almost  pure  siliceous  sandstone  from  below  the  coal 
measures,  known  as  ganister,  is  found  to  be  better  adapted 
for  this  purpose  than  any  other  substance.  It  is  ground  to 
a  fine  powder,  and  may  either  be  used  alone  or  mixed  with 
a  certain  proportion  of  powdered  fire-brick  ;  in  either  case, 
a  small  quantity  of  water  is  used,  sufficient  to  make  the 
powder  slightly  adhesive ;  it  is  then  tightly  rammed  between 
the  inside  of  the  shell  and  the  wooden  core,  which  is  after- 
wards removed.  The  neck,  d,  is  usually  lined  with  fire- 
bricks. The  fiame,  &c.,  emitted  from  the  neck  of  the  con- 
verter, is  conducted  into  a  chimney  by  a  wrought -iron  hood. 

Fig.  h. 


The  suspension  of  the  converter  is  effedted  by  means  of  a 
stout  hoop  of  wrought-iron  or  steel,  e,  carrying  two  trun- 
nions, g  and  k,  which  is  shrunk  on  to  the  body  of  the  con- 
verter  at  the  widest  part.  In  the  Atlas  Works,  Glasgow, 
the  hoop  or  belt  and  trunnions,  are  of  cast-iron,  and  are 
made  in  two  parts,  which  are  held  together  by  bolts.  This 
is  more  economical  than  a  belt  of  wrought-iron  upon  which 
the  two  trunnions  are  forged  ;  but  the  latter  mode  of  con. 
stru<ftion  reduces  the  dimensions  and  weight  of  the  belt  and 
trunnions,  and  is  a  better  guarantee  against  accidents. 
Cast-iron  has,  however,  been  proved  by  experience  to  be  fully 
reliable  for  the  purpose  in  question.  The  trunnions  are 
supported  by  the  cast-iron  standards,  /,  /,  One  of  the  trun- 
nions is  hollow,  forming  a  passage  for  the  blast,  while  the 
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Other  is  solid  and  connected  by  the  coupling  box,  i,  with  the 
piaion,  m,  by  means  of  which  the  converter  can  be  turned  on 
its  bearings,  /, /,  by  the  hydraulic  cylinder,  »,  and  the 
toothed  rack,  /.  The  water  pressure  engine  possesses  a 
Fig.  12. 


double  aAion,  the  valve  being  worked  by  hand  gear  placed 
at  a  distance.  In  most  cases,  the  trunnion  is  dire<!lly  con- 
nefled  with  the  pinion,  having  no  coupling  box  between. 

Fig.  13. 


The  blast  from  the  main  enters  the  hollow  trunnion,  g,  by 
means  of  the  vertical  tube,  0,  and  is  condudled  into  the  wind- 
box,  B,  through  the  tube,  p'.  In  order  to  regulate  the 
admission  of  bli^t,  the  tube,  o,  is  provided  with  the  valve,  p. 
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which  is  usually  pressed  down  by  the  weight,  g,  and  thus 
closed.  This  weighted  valve  is  conneifled  with  a  lever,  s, 
supported  by  the  disc-shaped  cam,  t.  The  cam  is  so  arranged 
that  the  air  passage  is  opened  before  the  vessel  arrives  at 
its  upright  or  vertical  position,  and  the  blast  is  shut  off 
when  the  vessel  is  tipped  or  turned  down  (Fig.  zz,  on  the 
left-hand  side). 

The  bottom  of  the  converter  is,  in  all  cases,  flat,  and  made 
of  wrought-iron ;  it  contains  seven  circular  holes  for  the  in- 
sertion of  the  tuyeres.  The  tuyere  box,  which  is  a  cylindrical 
chamber,  is  fastened  to  the  bottom  of  the  converter ;    it 

FiQ.  Z4. 
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contains  seven  cylindrical  compartments,  u,  communicating 
with  the  reservoir,  w,  by  means  of  the  lateral  openings,  v. 
The  reservoir,  w,  is  connected  with  the  blast-pipe,  p'.  The 
compartments,  «,  correspond  with  the  circular  holes  in  the 
bottom  of  the  converter,  and  receive  the  tuyeres,  which  are 
cylindrical  or  slightly  tapered,  and  made  of  fire-clay,  each 
perforated  by  twelve  parallel  holes,  of  I  centimetre  in 
diameter.  These  perforations,  to  ensure  facility  in  moulding, 
are  cylindrical  near  the  top  or  front,  and  slightly  tapered 
at  the  back.  The  size  and  number  of  the  tuyere  holes, 
has  been  a  subjeift  of  much  attentive  consideration. 
Large  tuyere  holes  involve  a  waste  of  air  blown  through  the 
vessel,  and  a  redu<5lion  of  the  temperature ;  whilst  small 
holes  increase  the  friction,  and  necessitate  a  greater  blast 
pressure  in  the  tuyere-box,  and  at  the  same  time,  are  more 
liable  to  choke.  Experience  has  fixed  the  size  of  the  tuyere 
holes  from  J  to  )-  an  inch  in  diameter.  The  length  of  the 
tuyeres  is  equal  to  the  thickness  of  the  lining  at  the  bottonn 
of  the  converter ;  they  are  never  allowed  to  projeft  beyond 
the  ganister  lining,  but  they  become  shorter  after  each 
chai^,  and  must  be  removed  when  they  have  decreased  more 
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than  3  or  4  inches.  The  tuyeres  are  kept  in  position  by  the 
screws,  y,  and  the  compartments,  w,  are  closed  by  the 
plate,  X,  which  is  screwed  on. 

The  tuyere-box  of  an  apparatus  in  Sheffield,  capable  of 
holding  I  or  z^  tons  of  iron,  contained  seven  tuyeres,  with 
five  holes,  each  \  of  an  inch  in  diameter ;  the  Atlas  Works 
have  converters  capable  of  containing  5  tons  of  iron,  with 
seven  tuyeres,  each  of  which  has  seven  holes  of  f  of  an 
inch  in  diameter.  The  tuyere-box  is  sometimes  provided 
with  three  wheels  for  its  removal,  when  it  is  replaced  by  a 
box  of  similar  construAion*. 

A  Bessemer  steel  works  has  usually  two  converters,  placed 
opposite  to  each  other,  with  a  deep  cylindrical  casting  pit 
between  them  (Fig.  ii).  In  the  centre  of  the  pit,  another 
water  pressure  engine,  c,  with  a  vertical  cylinder  and  solid 
plunger  piston,  is  fixed,  having  at  its  upper  end  a  cross- 
bar, D,  formed  of  two  parallel  girders  strongly  braced  to- 
gether, to  one  end  of  which  is  attached  the  ladle,  c,  the 
overhanging  weight  being  supported  by  a  counterpoise  on 
the  opposite  end.  The  counterpoise,  f,  is  provided  with  a 
crank,  by  means  of  which  it  may  be  moved  to  and  fro  as  the 
ladle  is  full  or  empty.  This  ladle  is  movable  on  its  axis. 
In  order  to  move  it  round  the  central  pillar,  so  as  to  bring  it 
ever  each  of  the  moulds  in  succession,  the  top  platform  is 
provided  with  spur  gearing,  so  that  it  revolves  like  a  rail- 
way turn-table.  The  motion  is  regulated  by  a  man  who 
stands  on  the  platform,  and  who  also  directs  another  move- 
ment for  reversing  the  ladle  on  its  bearings  from  time  to 
time,  in  order  to  remove  the  waste  after  the  end  of  the  cast. 
The  valve  of  the  central  engine,  which  raises  and  lowers 
the  ladle>  is  in  charge  of  the  same  man  who  works  the 
tipping  engines  for  the  converters.  He  is  usually  stationed 
at  one  side  of  the  converting  house,  in  a  box  sufficiently 
elevated  to  command  a  clear  view  of  the  whole  of  the  ap- 
paratus. The  working  power  of  the  engines  is  obtained 
from  a  small  steam  engine,  driving  the  necessary  force 
pumps,  which  deliver  their  supply  into  two  accumulators  for 
equalising  the  pressure. 

*  MiDiagaod  SmeltiDg  Magazine,  iv.,  131. 
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The  la(tle  which  receives  the  metal  from  the  converter, 
and  which  is  fixed  to  the  cross-bar,  d,  is  provided  at  the 
bottom  with  the  tapping-hole,  a,  as  is  shown  by  Figs.  15 
and  16,  representing  the  ladle.    This  hole  may  be  closed  by 


a  conical  plug  or  stopper,  b,  made  either  of  fire-clay  or  of 
wrought-iron  coated  with  clay,  attached  to  the  lever,  e,  by 
means  of  which  it  can  be  lifted  from  the  outside,  and  in  this 
manner  the  liquid  metal  is  cast  from  the  bottom,  avoiding  the 
introduction  of  slags  or  other  impurities  into  the  ingot  moulds. 
The  ladles  are  made  of  strong  boiler  plate. 
Fig.  16. 


__JM«t. 


The  ingot  moulds  p  (Fig.  15),  are  of  cast-iron,  and  are 
occasionally  provided  with  wrought-iron  hoops.  They  are 
2  inches  thick,  from  3^  to  4^  feet  high,  and  usually  re<5taji-- 
gular  in  horizontal  sedlion,  tapering  from  the  bottom  to  the 
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top,  SO  as  to  measure  from  8  to  17  inches  at  the  top,  and 
from  9  to  tS  inches  at  the  bottom.  The  moulds  are  open 
on  both  sides,  and  stand  either  on  a  cast-iron  plate  or  on 
blocks  made  of  fire-clay  and  ganister.  Before  being  used, 
they  are  painted  with  graphite  or  smoked  to  prevent  adhesion. 
Round  moulds  are  also  frequently  used,  and  are  said  to  be 
less  liable  to  crack.  This  is  only  the  case  when  they  are 
compared  with  carelessly  constru<£led  square  or  re(5langular 
ingot  moulds,  the  sides  of  which  are  occasionally  slightly 
concave  in  form.  Such  a  form  inevitably  causes  the  ingot 
or  mould  to  crack  during  the  process  of  cooling,  as  the 
contra^on  of  the  ingot  is  then  opposed  by  the  wedging 
a£Uon  of  the  sides  of  the  mould.  This  kind  of  convexity  may 
even  be  produced  by  unequal  expansion  in  a  mould  which  is 
straight,  or  nearly  so,  when  quite  cold ;  and  it  is,  therefore, 
advisable  for  all  ingots  to  be  made  slightly  convex.  The 
cracking  of  ingots  and  moulds  will  thus  be  easily  avoided, 
without  recourse  being  had  to  circular  moulds  and  round 
ingots,  which  are  inconvenient  to  forge. 

Ladles  of  similar  construction  are  used  for  charging  the 
converter  with  liquid  pig-iron,  where  the  melting  furnaces 
stand  on  the  level  of  the  converters,  but  those  furnaces  are 
usually  on  a  higher  level,  and  the  liquid  iron  is  run  into  the- 
converters  by  means  of  gutters  made  of  wrought -iron,  lined. 
with  clay  or  sand.  They  swing  round  a  central  pivot,  so  as 
to  be  put  out  of  the  way,  or  brought  into  the  proper  position 
when  the  converter  is  turned  down  and  ready  to  receive  the 
charge  of  liquid  iron. 

The  proportion  or  size  of  the  opening  or  throat  of  the  con- 
verter, is  a  very  important  point.  The  volume  of  gas  which 
passes  through  the  throat  is,  probably,  on  account  of  the  high 
temperature,  ten  times  as  great  as  the  volume  of  cold  air 
which  passes  through  the  tuyeres.  It  is  necessary  to  make 
ample  provision  for  the  ready  escape  of  these  gases,  as  it  is 
not  desirable  to  create  a  back  pressure  against  the  blast. 
On  the  other  hand,  the  throat  of  the  converter  should  not 
be  wider  than  necessary,  since  the  radiation  of  heat  from  the 
interior  increases  with  the  size  of  the  opening,  and  the  tem- 
perature of  the  charge  is  thereby  injuriously  affedted. 
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As  the  tuyeres  in  the  Bessemer  apparatus  are  quickly 
wasted  and  difficult  to  replace,  Fairbairn  proposes  the  adop- 
tion of  the  apparatus  represented  in  Figs.  17  and  18,  in  which 


Fig.  17. 


the  blast  is  iritroduced  through  the  vertical  tube,  a,  formed 
of  fire-bricks  with  an  iron  bar  in  the  centre ;  the  blast  is 
emitted  through  the  openings,  b.    The  tube,  a,  together  with 
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the  horizontal  blast  tube,  d,  may  be  raised  in  the  stuffing 
boxes,  e  and  /,  by  hydraulic  pressure  in  c ;  gisA  drum  for 
moving  the  converter,  and  A  is  the  neck. 
The  apparatus  represented  in  Fig.  19  is  constructed  by 

Fig.  ig. 


Wilson.  The  blast  is  here  introduced  by  the  tube,  a,  which, 
however,  does  not  admit  of  a  fine  distribution. 

Neither  Fairbaim's  nor  Wilson's  apparatus  have  yet  come 
into  practical  use. 

In  Sheffield,  about  2  or  2J  tons  of  ingots  result  from  3  tons 
of  chained  pig-iron  ;  the  loss  of  weight  in  the  pig-iron 
amounts,  therefore,  to  from  15  to  17  per  cent,  of  which  5  or 
7^  per  cent  are  caused  by  the  re-melting  in  the  reverberatoiy 
furnace.  With  3-ton  converters,  the  lining  has  to  be  renewed 
after  250  tons  have  been  blown,  but  the  tuyeres  wear  out 
much  quicker,  and  must  be  replaced  after  10  tons  have  been 
made,  that  is,  after  every  third  or  fourth  operation. 

The  number  of  charges  made  daily  does  not  amount  to 
more  than  four  for  each  converter,  as,  although  the  adual 
blowing  only  occupies  about  20  minutes,  a  considerable  time 
is  required  for  the  subordinate  operations. 

The  ingots  are  chiefly  worked  into  rails  and  boiler  plates, 
la  rolling  rails,  the  ingots  are  raised  to  a  bright  red  heat  in 
a  re-heating  furnace,  care  being  taken  to  keep  the  hearth 
filled  with  a  smoky  flame,  in  order  to  prevent  the  carbon  froni 
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burning  away.  They  are  then  hammered  to  a  smooth  face 
under  a  steam  hammer,  and  at'  a  second  heat  hammered 
down  to  the  form  of  the  first  groove  of  the  rolling  mill ;  under 
the  hammer  the  length  of  the  ingots  is  extended  from  4)-  to  . 
8  feet.  Two  heats  more  are  then  required  for  rolling  the 
finished  rail  in  about  12  grooves,  causing  a  loss  of  5  or  6  per 
cent  of  the  ingots. 

When  the  manufafture  of  boiler  plates  is  designed,  the 
steel  is  cast  into  plates  2  or  3  inches  thick,  and  from  2  to 
3  feet  broad. 

Spherical  shot  are  cast  a  little  larger  than  the  size  re- 
quired, 'and  afterwards  reduced  to  the  proper  figure  and 
dimensions  by  a  steam  hammer  with  hemispherical  faces. 

At  present  the  largest  Bessemer  steel  works  tn  this  country 
are  those  at  Barrow-in-Furness.  The  converters  are  ar- 
ranged in  two  groups,  one  of  which  has  four  5-ton  vessels  in 
two  pairs  opposite  to  each  other,  so  as  to  form  the  four  cor- 
ners of  a  square,  in  the  centre  of  which  are  two  sets  of 
valves  placed  close  together.  The  other  set  of  converters  is 
differently  arranged,  forming  two  groups  of  three  vessels 
each.  The  three  converters  turn  against  the  centre  of  a 
circular  casting  pit  30  feet  in  diameter,  so  that  all  can  pour 
their  contents  into  one  ladle,  if  required.  The  hydraulic 
rams  and  racks  for  tipping  the  vessels  are  placed  in  a  vertical 
position  in  order  to  gain  space.  These  converters  are  con- 
struifled  for  charges  of  7  tons  ;  they  are  iz  feet  10  inches  in 
diameter  outside,  and  11  feet  clear  diameter  inside.  The 
entire  height,  is  about  15  feet.  In  all  cases  the  proportion 
of  space  occupied  by  the  melted  metal  is  very  small  as  com- 
pared with  the  entire  capacity  of  the  converter,  a  large  empty 
space  being  necessary  to  prevent  the  ejeiftion  of  the  fluid  con- 
tents, when  the  boiling  is  at  the  highest  point.  The  blowing 
engines  have  36-inch  horizontal  steam  cylinders,  with  4-feet 
6-inch  blowing  cylinders  and  5-feet  stroke.  Two  pairs  of  these 
engines  are  placed  side  by  side.  The  pressure  of  blast  for 
the  converters  is  21  or22  lbs.  per  square  inch,  and  the  average 
duration  of  a  charge,  25  minutes.  The  pig-iron  is  melted  in 
Clayton's  patent  air  furnace.  Successful  trials  have  been 
made  to  work  these  converters  with  liquid  iron  direA  from 
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the  blast  furnace.  For  this  purpose,  a  ladle  capable  of  holding 
lo  tons  of  molten  pig-iron  is  mounted  on  an  iron  track  in  a 
frame,  which  pennits  the  ladle  to  be  lifted  off  the  truck  by  a 
crane,  and  tipped  so  as  to  pour  out  its  contents.  The  ladle 
is  filled  at  the  blast  furnace,  and  then  taken  to  the  converters 
apon  the  rails  which  conneifl  the  furnaces  and  steel  works. 

The  ingots  produced  are  re-heated  in  furnaces,  some  of 
which  are  constraAed  upon  Siemens's  patent  principle,  which 
in  future  will  be  adopted  throughout. 

The  Atlas  are  at  present  the  only  Bessemer  steel  works  in 
Scotland.  The  proprietors,  Messrs.  Rowan  and  Co.,  were 
among  the  first  of  Mr.  Bessemer's  licensees,  and  they 
started  the  Bessemer  process  for  the  manufadture  of  steel 
tyres  and  axles. 

Mr.  Rowan  made  interesting  investigations  of  the  flame 
issuing  from  the  converters,  an  account  of  which  was  read 
at  the  meeting  of  the  Chemical  Section  of  the  Glasgow 
I^ilosophical  Society,  March  -29,  1S69,  by  Mr.  Rowan's 
brother,  Mr.  Thomas  Rowan.*  The  following  is  his  de- 
scription, which  will  be  found  of  great  value  : — 

*'  The  Bessemer  process  for  the  manufacture  of  steel,  is 
now  among  the  most  important  of  our  metallurgical  opera- 
tions. On  account  of  its  comparatively  recent  introduction 
among  established  industries,  it  affords  an  ample  field  for 
scientific  investigation,  and  there  is  no  feature  of  th$  pro- 
cess at  once  so  interesting  and  important  as  that  of  the 
Same  which  issues  from  the  converting  vessel. 

"  The  success  of  a  '  blow '  undoubtedly  depends  on  the 
accuracy  and  completeness  of  many  details,  but  of  them  all, 
the  most  important  is  to  know  and  catch  that  moment  in 
the  existence  of  the  Same,  when  the  carbon  has  yielded  its 
last  trace  to  the  oxygen  of  the  air. 

"  If  a  charge  is  '  over  blown  " — that  is,  if  it  be  subjected 

to  the  action  of  the  air  for  too  long  a  period,  or  if  it  be. '  under 

blown ' — that  is,  if  the  admission  of  air  is  stopped  before  the 

,  proper  chemical  aCtion  has  been  completed,  the  steel  will  be 

found  to  be  defective  in  proportion  to  its  unskilful  treatment. 


■  Chemical  Newi,  1S69,  vol.  xix.,  p.  170. 
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"  The  flame  issuing  from  the  converter  is  the  index  of 
these  changes  which  the  molten  mass  of  metal  is  undergoing 
during  the  process ;  but  the  exai5t  moment  of  decarburisation 
is  often,  from  a  variety  of  causes,  difBcult  to  detennine. 

"  It  is  for  these  reasons  that  the  examination  of  the  flame 
forms  the  point  of  attraflion  of  the  process ;  and  I  have 
thought  it  might  not  be  uninteresting  to  the  members  of 
this  society  to  describe  to  them  the  general  appearance  which 
this  flame  presents  to  the  eye,  and  some  experiments  which 
my  brother  has  made  with  the  spectroscope  and  with 
coloured  glasses,  for  the  purpose  of  more  readily  determining 
that  critical  period  or  '  change '  in  the  flame  which  I  have 
spoken  of.  The  success  of  these  latter  experiments  has 
enabled  him  to  obtain  the  obje£t  for  which  they  were  com- 
menced ;  and  he  has  designed  an  instrument,  which  I  shall 
describe  hereafter,  by  which  the  change  in  the  flame  is  more 
easily  determined. 

"i.  The  General  Appearancesofthe  Flame  to  the  Eye.— 
When  the  vessel  is  first  turned  up,  a  shower  of  brilliant 
sparks  is  ejected,  owing  to  the  force  of  the  blast  reaching 
first  a  thin  layer  of  metal  as  the  vessel  slowly  swings  round 
to  the  vertical  position. 

"  From  0  &)  3  or  4  Minutes. — When  the  full  head  of  metal 
is  over  the  blast,  at  first,  for  3  or  4  minutes,  there  is  scarcely 
any  flame,  only  a  current  of  very  hot  gases  and  very 
numerous  sparks. 

"  From  2  or  ^  fo5or6Afi»»«fes.— Gradually  a  small  pointed 
flame  appears  in  the  centre  of  the  sparks,  and  this  quickly 
increases  in  size,  without  gaining  much  brilliancy  for  2  or  3 
minutes. 

"  From  $  or6io  g  or  \o  Minutes, — During  the  next  period 
of  4  or  5  minutes  the  flame  is  very  unsteady,  both  in  size 
and  in  position,  and  its  oscillations  are  accompanied  by 
hollow  sounds,  as  of  reports  or  explosions  in  the  interior  of 
the  converter. 

"From  g  or  10  to  Ji  or  12  Minutes. — Streaks,  or  flashes  of 
brighter  flame  now  shoot  up  through  this  comparatively 
non-luminous  flame,  and  within  i  or  z  minutes  give  place 
to  a  continuous  stream  of  dense  and  brilliant  fire,  which 
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rnshes  far  up  the  chimney  and  illuminates  the  entire 
building,  often  casting  the  shadows  of  the  cranes,  &c., 
against  the  windows  through  which  the  sun  is  shining. 

"  Prom  II  or  12  to  1$  or  i6  Minutes. — The  flame  gradually 
becomes  thinner  and  more  transparent,  without  losing  any 
of  its  brilliancy  during  the  6  or  7  minutes  of  the  blow  which 
generally  remain,  until  it  suddenly  (preceded,  however,  by  a 
few  hollow  and  peculiar  sounds  from  the  interior  of  the 
vessel)  loses  its  brilliancy  and  much  of  its  size,  and  drops 
down,  within  about  ^  a  minute,  to  about  the  size  it  had 
reached  at  about  5  minutes  of  the  blow ;  this  flame,  how- 
ever, being  more  dense  and  more  luminous  than  the  flame 
at  that  earlier  period. 

"  Any  of  the  stages  described  may,  from  a  variety  of 
causes,  be  prolonged ;  or  an  Insufflctency  of  blast,  however 
caused,  may  lengthen  the  entire  period  of  the  blow  for 
several  minutes,  but  the  above  is  a  fair  average  blow  with 
the  best  English  hsematite  pig-iron.  If  inferior  irons  are 
used,  the  Same  at  the  change  is  more  or  less  enveloped  in  a 
dense  white  smoke,  and  the  change  is  accompanied  by 
violent  pulsations  or  '  coughings,'  of  the  entire  flame,  which, 
under  these  circumstances,  has  often  a  yellowish  red  colour 
to  the  eye ;  all  this  making  the  change  often  very  difficult, 
if  not  impossible,  to  deteA.  Nervousness  or  biliousness, 
by  variously  affedling  the  sight  of  the  observer,  may  also 
render  him  unable  with  certainty  to  determine  the  precise 
moment  when  he  ought  to  '  turn  down ; '  and  there  is  a 
marked  difference  in  the  facility  of  observation  notice- 
able between  a  blow  taking  place  in  daylight  and  one  at 
night. 

"  a.  The  Appearance  of  the  Flame  as  Bzamined  by 
meaoB  of  the  SpetStroscope. — It  was  important,  first,  to 
note  if  any  of  the  lines  belonging  to  the  Bessemer  flame 
were  to  be  found  in  the  flame  given  off  from  the  coke  fire 
used  to  heat  up  the  converter.  Several  examinations  were 
made ;  the  result  of  these  was  that,  besides  the  invariable 
yellow  bright  line,  the  red  line,  and  the  two  bright  green 
lines  next  the  yellow,  were  occasionally  to  be  seen.     Owing, 
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however,  to  the  want  of  brilliancy  of  this  flame,  the  speftrum 
which  it  gave  was  very  faint,  and,  at  times,  almost  invisible. 
"  On  first  turning  up  the  vessel,  and  for  about  4  minutes 
thereafter,  the  Bpe(ftroscope  showed  only  a  continuous  band 
of  light,  with  the  colours  rather  hazy,  and  so  much  blended 
with  one  another  as  to  make  it  impossible  to  mark  the 
jundtions  of  the  different  fields. 

"  In  from  4  to  6  minutes,  flashes  of  the  yellow  line  became 
visible  (corresponding  to  the  appearance  of  tongues  of  a 
bright  flame,  shooting  up  in  the  centre  of  the  dull  red  one 
issuing  from  the  mouth  of  the  converter)  ;  and  in  i  or  z 
minutes  after  its  first  appearance,  this  line  became  quite 
steady,  and  did  not  disappear  even  at  the  end  of  the  blow. 
Simultaneous  with  the  steadying  of  the  yellow  line,  the  red, 
yellow,  and  green  fields  became  clear  and  well-defined  bands 
of  bright  colour. 

"  In  ^  a  minute  to  a  minute  later,  a  bright  green  line  ap- 
peared near  the  yellow,  "following  which,  in  scarcely  ever 
more  than  }  a  minute,  a  red  line  appeared,  equi-distant  from 
theyellow(ofcour3eonthe  oppositeside).  These  twogenerally 
became  steady  tc^ether  (having  first  appeared  in  intermittent 
flashes)  in  about  ^  a  minute  after  both  are  visible.  .  With 
the  steadying  of  these  two  lines  at  once,  a  second  green 
line  (bright,  and  about  the  centre  of  the  green  field)  became 
visible,  wavering  a  little  at  first.  About  a  ^  of  a  minute 
served  generally  to  steady  it,  although  sometimes  it  was  a 
minute  and  a  half  from  the  appearance  of  the  first  green 
line  till  the  second  green  line  with  the  red  became  steady. 

"  In  I  or  2  minutes,  a  third  green  line,  nearer  the  blue 
field,  came  into  view,  and  in  about  i  minute  was  steady. 
When  the  red  appeared  with  the  first  green  line,  the  second 
and  third  green  lines  generally  appeared  together ;  but  when 
the  red  appeared  with  the  second  green  line,  the  third  green 
was  accompanied  by  a  blue  bright  line  near  the  green  field. 
In  about  10  minutes  after  turning  up  the  converter,  the 
flame. attained  its  maximum  size  and  intensityof  light,  when 
a  second  and  third  bright  line  became  visible  in  the  blue 
field.     Very  often  these  were  only  intermittent  and  very 
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faint ;  but  with  '  hot  metal,'  and  a  bright  flame,  they  were 
pretty  steady  and  distinct,  and  were  broader  than  those  in 
the  yellow,  green,  and  red  fields. 

"  Occasionally,  for  about  a  or  3  minutes  before  the  close  of 
the  blow,  a  bright  line  was  seen  in  the  purple  field,  pretty  far 
to  the  right  of  the  spe(5trum ;  sometimes  this  only  flashed 
brightly,  but  on  a  few  occasions  it  was  clearly  seen,  though 
feint. 

*'  With  a  very  bright  flame,  several  dark  lines  were  seen, 
bat,  forwant  of  definiteness,  it  was  impossible  to  say  whether 
they  were  not  due  to  the  contrast  afforded  by  the  brilliancy 
of  the  bright  ones  beside  which  they  appeared.  A  narrow 
dark  line  was  seen  on  each  side  of  the  red  line,  and  a  broad 
dark  band  dividing  the  yellow  from  the  green  ;  then  one 
between  each  green  line,  and  two  in  the  blue  field,  between 
the  three  blue  lines.  But  these  were  only  seen  with  an  ex- 
ceptionally bright  flame,  and,  therefore,  are  not  of  much  im- 
portance. 

"  All  the  bright  lines  visible  remained  steady  for  several 
minutes  before  the  close  of  the  blow,  affording  an  excellent 
opportunity  for  their  examination  ;  but,  at  the  last,  all  (with 
the  exception  of  the  yellow)  faded  in  less  than  30  seconds. 
The  purple  line  disappeared  first  (whenever  it  happened  to 
be  visible),  then  the  three  blue  lines,  in  the  inverted  order  of 
their  appearance,  then  the  third  green,after  which  the  second, 
then  the  red,  and  last  of  all  the  flrst  green,  when  the  blast 
was  shut  off. 

"  The  green  and  the  red  lines,  from  their  distinflness, 
afforded  the  best  point  for  a  determination  of  the  process ; 
and  these  were  so  constant,  that  a  sure  indication  could 
always  be  given  by  any  of  them,  if  it  were  made  the  index 
by  which  to  determine  the  period  of  blowing. 

"  Very  often,  on  adding  the  charge  of  spiegeletsen,  a  large 
and  veiy  brilliant  flame  rushed  out  of  the  converter  for 
lome  minntes,  and  on  examining  it,  the  red,  yellow,  three 
green,  and  a  very  brilliant  purple  line  were  seen,  but  no  • 
Uue. 
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"  3.  Some  EzperimentB  with  Coloured  Glasses  on  the 
Piame. — I  shall  now  proceed  to  describe  some  experiments 
made  with  coloured  glasses  on  the  Bessemer  flame.  I  may 
mention  that  what  led  to  them  was  my  brother  being  com- 
pelled to  get  very  dark  speAacles  to  proteift  his  eyes,  which 
were  not  very  strong,  from  the  intensity  of  the  light  of  the 
ilame.  The  first  pair  made  completely  overcame  the  bril- 
liancy of  the  flame  without  imparting  any  colour  to  it ;  but, 
on  ordering  a  second  pair,  they  showed  so  much  colour  as  to 
render  them  useless.  On  appealing  to  the  workman  who 
had  made  them,  he  found  that  no  note  had  been  kept  of  the 
kinds  of  glasses  which  had  been  used  in  the  first  pair ;  and, 
although  several  attempts  were  made  to  repeat  them,  the 
second  pair  sent  was  the  best  he  could  accomplish,  and  they 
had  appeared  colourless  to  sunlight.  The  thought  then 
occurred,  that,  as  the  brilliancy  of  the  flame  varies  consider- 
ably during  its  existence,  a  variation  in  the  amount  of  trans- 
mitted light  might  be  found  to  affeifl,  in  proportionate  degree, 
the  power  of  some  coloured  glasses  to  absorb  other  colours 
in  combination  with  them,  and  that  a  combination  of  colours 
might  be  found  to  give,  with  a  small  quantity  of  transmitted 
light,  a  distindt  colour,  which  could  be  quite  absorbed  when 
a  larger  quantity  of  light  was  passed  through  the  same  glasses. 

"  Another,  and  perhaps  the  most  important,  consideration 
which  led  to  the  following  experiments,  was  that  the  flame 
itself  has  a  varying  chemical  composition,  as  the  silicon, 
manganese,  carbon,  and  iron  become  successively  attacked, 
and  that  the  temperature  of  the  flame  at  these  various  stages 
must  necessarily  be  altered,  giving  rise,  of  course,  to  various 
colours,  or  shades  of  colour  in  the  flame.  If,  therefore,  a 
combination  of  coloured  glasses  could  be  found  which  would 
absorb  the  colour  due  to  the  flame  at  a  particular  tempera- 
ture, it  seemed  clear  that  a  change  of  temperature  would 
become  immediately  visible,  on  account  of  an  accession  or 
diminution  of  colour  to  the  flame  as  thus  observed.  It  is 
probable,  too,  that  the  colour  possessed  by  the  flame  at  its 
different  stE^es  is  due  to  the  various  elements  which  are  at 
these  periods  being  volatilised,  but  the  spectroscope  does  not 
throw  much  light  on  this  supposition. 
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"  The  first  combination  of  coloured  glasses  which  I  have 
noted  are  a 

!U  was  found  that  these  colours  mutually  destroyed 
each  other.  The  Bessemer  flame,  when  viewed 
through  them,  appeared  white,  and  without  bril- 
liancy. 
Ultramarine  blue, /This  combination  gave  the  same  efficA  as 
Dark  yellow.         t  above. 

"  With  a  combination  consisting  of — 
Ultramarine  blue,^ 

Dark  yellow,         I  The  flame  appeared  of  an  emerald  colour. 
Ultramarine  blue,  [but  was  dark  and  without  brilliancy. 
Emerald.  J 

"  In  the  next  experiments,  the  dark  yellow  and  one  blue 
were  replaced  by  a  light  yellow  and  neutral  tint,  thus  : — 
Ultramarine  blue,  fThe  appearance  of  the  flame  in  this  case 
Light  yellow,  I  was  similar  in  colour  to  that  afforded  by 

Neutral  tint,  jthe  above  combination,  but  appeared  of 

Emerald.  Icossiderable  brightness, 

"  In  the  next  experiments,  the  light  yellow  and  neutral 
tint  were  replaced  by  a  dark  yellow  and  red,  respeftively, 
thus: — 


,  [The  flame  at  first  was  dtmly  seen,  and 
without  colour ;  when  it  reached  its  maxi- 
mum brilliancy,  it  still  appeared  white 
through  this  combination. 
"  With  these  five  combinations,  the  appearance  of  the  sun, 
as  seen  through  each  of  them,  was  similar  in  chara^ler  to 
that  of  the  flame,  but  more  powerful  in  degree. 

"  In  the  subsequent  experiments,  the  combination  was  as 
follows : — 

The  flame  appeared  at  first  of  a  ruby-red 
colour,  increasing  in  size  and  intensity 
as  the  blow  progressed,  the  edges  of  the 
flame   acquiring  a  lighter  shade  of  red, 
*  but  the  colour  was  too   strong  to  admit 
of  the  changes  being  easily  determined. 
Sunlight,  through  this  combination,  was 
slightly  yellow. 
"  In  the  succeeding  experiments,  one  of  the  blue  glasses 
was  replaced  by  a  light  yellow,  giving  a  combination  of—' 


Ultramarine  blue. 
Dark  yellow, 
Ruby, 
Emerald. 


Ultramarine  blue, 
Dark  yellow. 
Neutral  tint 
Ultramarine  blue. 
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The  flame  appeared  at  first  of  a  yellowish 
red  colour ;  as  the  blow  progressed  this 
colour  became   whiter,  with   fiashes  of 
redder  flame  occasionally  through  it.    At 
the    flame's    maximum    brilliancy,    the 
Ultramarine  blue,  edges  assumed  a  light  red  colour  (nearly 
Dark  yellow,         .  white),  while  at  the  root  and  centre  of 
Neutral  tint,  the  flame  the  colour  was  of  a  darker  yel- 

Light  yellow.  lowish  red.    When  the  flame  dropped  (at 

the  end  of  the  blow),  it  returned  to  a 
yellowish  red  colour,  somewhat  similar 
in  appearance  to  the  effedl  produced  at 
the  beginning  of  the  blow.     Sunlight  ap- 
peared slightly  yellow. 
"  It  will  be  observed  that  this  combination  gave  nearly 
the  desired  effedl — viz.,  a  variation  of  depth  of  colour  due  to 
the  differences  of  temperature  or  brilliancy  of  the  flame  at 
its  different  stages  of  progression.    The  yellowish  tint,  how- 
ever, always  present,  showed  a  defeat  in  this  combination, 
to  overcome  which  further  trials  were  made.    Among  other 
devices,  the  light  yellow  was  omitted,  and  the  flame  was 
observed  with — 

(The  flame  appeared  still  red,  and  with 
the  yellowish  tint,  though  in  such  small 
degree  as  to  show  that  the  desired  result 
was  not  far  off.  Sunlight  appeared  dim, 
and  slightly  yellow. 
"  In  the  concluding  experiments,  the  neutral  tint  was  re- 
placed  by  a  blue  glass,  with  the  objedl  of  ascertaining 
whether  the  yellow  colour  could  be  correfted,  by  the  omission 
of  the  red  or  the  blue  component  of  the  neutral  tint,  thus : — 
Ultramarine  blue,]  This  combination  was  perfeiftly  suc- 
Dark  yellow,  tcessful,    the   lingering  trace  of  yeliow 

Ultramarine  blue,)  being  removed. 

''  I  shall  now  describe  more  fully  the  appearance  of  the 
flame  through  it. 

"  For  the  first  4  or  5  minutes  all  is  dark ;  the  chimney  is 
invisible ;  nothing  but  the  mouth  of  the  converter  can  be 
made  out,  which  appears  slightly  red,  the  sparks  coming 
from  it  being  scarcely  visible.  As  the  blow  progresses,  the 
flame,  still  red  in  colour,  increases  in  size  and  luminosity, 
while  the  outline  of  the  vessel  becomes  visible.     In  about 
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12  to  IS  minutes  the  flame  begins  to  lose  its  colour,  becoming 
violently  agitated,  flashes  of  a  lighter  and  brighter  flame 
shooting  up  occasionally. 

"  In  about  15  minutes  a  purple  tint  becomes  visible  round 
the  mouth  of  the  vessel,  the  flame  gradually  acquiring  a 
white  colour  towards  the  edges. 

"  When  the  flame  has  reached  its  maximum  brilliancy  it 
appears  bright  and  neariy  white,  with  the  edges  purple. 
The  red  colour  thereafter  begins  to  re-appear  at  the  mouth 
of  the  vessel  and  centre  of  white  flame,  gradually  extending 
until  the  whole  flame  appears  of  a  light  red  colour. 

"  And  with  the  peculiar  hollow  sound  heard  in  the  vessel 
always  preceding  the  drop,  the  centre  of  the  flame  begins  to 
acquire  a  deeper  colour;  this  quickly  extends  and  deepens. 
Within  a  minute  or  so  of  the  drop,  the  whole  flame  becomes 
crimson,  and  losing  its  brilliancy,  and  within  ^  a  minute,  it 
suddenly  goes  back  to  very  nearly  the  red  colour  it  had  at 
starting. 

"  This  combination  of  glasses  is  now  in  daily  use  in  the 
Atlas  Works,  its  indications  being  so  marked  and  unmis* 
takable  as  to  render  its  use  safe  in  the  most  inexperienced 
hands.  This  little  instrument  or  '  Chromopurometer,'  as 
it  is  proposed  to  call  it,  is  arranged  as  follows : — 

"  One  of  the  blue  glasses  and  the  dark  yellow  one  are 
fixed  in  a  reiftangular  frame,  carrying  at  its  foot  a  hinge  to 
which  the  thin  frame  holding  the  other  blue  glass  is  at- 
tached, and  at  its  top  a  spring  catch  to  hold  this  smaller 
frame  when  in  its  shut  position,  and  also  a  pin  and  set  screw 
for  attaching  the  whole  instrument  to  the  hat  of  the  observer 
so  as  to  place  it  before  his  eyes. 

"  The  objedt  of  having  the  glasses  thus  divided  is  to  give 
facility  for  the  observation  of  the  flame  through  the  combina- 
tion of  three,  while,  during  thepouringtwo  being  sufficient,  the 
third  one  is  allowed  to  hang  down,  when  it  serves  to  proteA 
the  lips  from  the  great  heat  of  the  ladle  and  liquid  steel. 

"  I  think  it  is  probable  that,  by  carefully  noting  by  means 
of  coloured  glasses  such  as  that  described,  the  amount  of 
light  (as  determined  by  the  shade  of  colour  visible)  emitted 
by  flames  of  known  temperature,  a  scale  might  be  formed 
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which  would  enable  us  approximately  to  measure  the  tem- 
perature not  only  of  the  flame  of  the  BessemerConverter,  but 
also  that  of  many  flames  which  have  hitherto  been  considered 
beyond  the  reach  of  our  ordinary  methods  of  measurement." 

The  Dowlaia  Iron  Works  in  South  Wales  have  six 
converters  of  5  tons  each.  The  two  blowing  engines  have 
36-inch  steam  cylinders,  54-inch  blowing  cylinders,  and 
5-feet  stroke.  The  same  kind  of  pig  and  spiegeleisen  are 
used  as  in  Sheffield,  and  the  quality  of  steel  is  equally  good. 
Instead  of  ganister,  the  Dinas.sand  with  a  mixture  of  one- 
tenth  of  its  bulk  of  fire-clay,  is  used  for  lining  the  converters, 
and  the  material  continues  good  for  300  charges.  The  ingots 
intended  for  rails  are  made  of  sufflcient  weight  for  two  rails 
instead  of  one,  and  the  ingot  is  cut  in  two  under  the  hammer. 
This  saves  one  crop-end,  and  will  secure,  on  the  whole, 
better  work. 

The  Manchester  Steel  Works  employ  two  pairs  of  5-ton 
converters.  Contrary  to  the  usual  practice,  the  pig-iron  is 
melted  in  cupola  instead  of  in  reverberatoty  furnaces.  The 
cupola  is  one  on  Messrs.  Woodward's  patent  principle,  being 
3  feet  in  internal  diameter,  and  20  feet  in  height;  it  is  found 
more  advantageous  than  reverberatoiy  ^maces,  though  of 
course  a  careful  selection  of  the  coke  is  necessary.  The 
cupola  in  regular  working,  melts  a  charge  for  one  vessel  in 
two  hours,  at  a  consumption  of  about  x^  cwts.  of  coke  per 
ton  of  pig-iron  ;  from  6  to  8  cwts.  of  coal  are  required  for 
melting  i  ton  of  pig  in  reverberatory  furnaces.  When  coke 
of  sufficient  purity  is  used,  the  resulting  steel  is  not  found 
inferior  to  that  produced  from  iron  melted  in  reverberatory 
furnaces. 

The  ingots,  blooms,  &c.,  are  re-heated  in  Siemens's  gas 
furnace. 

The  Neuberg  Iron  and  Steel  Works  in  Austria. — ^These 
works,  60  far  as  the  quality  of  the  produdts  are  concerned, 
are  generally  considered  to  be  the  most  successful  Bessemer 
steel  works  in  the  world.  Their  apparatus  consists  of  two 
3-ton  converters,  of  somewhat  smaller  diameter  and  of  com- 
paratively greater  height  than  the  3-ton  vessels  usually  made 
in  England ;  the  throats  especially  are  veiy  narrow,  and  may. 
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in  all  probabili^,  cause  an  undue  amount  of  back  pressure 
apoQ  the  blast.  The  pig-iron  is  used  direft  from  the  blast 
furnace ;  it  is  collected  in  a  ladle,  mounted  on  a  truck,  and 
run  upon  rails  to  the  converter. 

During  the  first  stage  of  the  process,  before  the  white  flame 
makes  its  appearance  at  the  mouth  of  the  converter,  a  con- 
siderable quantity  of  charcoal  powder  is  blown  at  regular 
intervals  through  the  liquid  iron,  along  with  the  blast.  This 
is  done  for  the  purpose  of  heating  the  charge  by  the  com- 
bustion of  the  charcoal  within  the  vessel,  and  is  said  to  be 
particularly  effedtive  when  white  iron,  or  iron  containing  a 
small  percentage  of  carbon  is  worked  in  the  converter.  With 
this  exception  the  process  is  carried  on  in  the  usual  manner. 

The  use  of  spiegeleisen  is  entirely  dispensed  with,  and  in 
its  place,  a  proper  quantity  of  liquid  iron  from  the  same 
blast  furnace  that  has  supplied  the  whole  charge,  is  added. 

Professor  Liellegg,  in  conducing  the  Bessemer  process  in 
the  steel  works  at  Gratz,  has  employed  the  spectroscope 
with  success. 

The  Swedish  Method  of  condu(5ting  the  Bessemer 
Process. 

The  apparatus  used  in  this  method  has  been  mentioned 
before  (page  97),  when  the  English  and  Swedish  methods 
were  being  compared. 

In  the  newer  plants,  the  sole  of  the  blast  furnaces  is  about 
12  feet  above  that  of  the  fixed  converter,  and  the  moulds  are 
placed  on  a  sole  6  feet  lower  again.  The  furnaces  for  re- 
heating the  ingots  are  best,  because  most  economically, 
heated  with  the  waste  gases  of  the  blast  furnaces.  These 
waste  gases  may  also  be  employed  for  the  preparatory  heating 
of  the  converter,  the  ladles,  and  the  necessaiy  boilers. 

The  converters  are  mostly  constructed  like  that  used  in 
Edsken,  in  Sweden,  which  is  represented  in  Figs,  zo,  21, 
and  22.  0  is  a  sort  of  funnel,  through  which  the  converter 
is  charged  with  the  liquid  pig-iron;  b,  a  fire-brick  for  closing 
the  charging  opening ;  and  c,  the  neck  whence  the  gases  are 
evolved.  The  iron  ring,  e,  supporting  the  furnace  roof,  is 
connected  with  the  ears,  d,  which  may  be  again  connected 


,;  Google 


138  STBBL. 

with  the  cast-iron  beam,  /,  for  removing  the  furnace  roof; 
g'  is  the  blast  main  containing  two  compartments,  k  and  h ; 
the  latter  conduifts  the  blast  into  the  tuyeres,  i,  which  intro- 
duce the  blast  into  the  converter  in  an  eccentric  dire£tion, 

FiQ.  20. 


and  the  compartment,  k,  was  formerly  used  to  provide  an 
upper  row  of  tuyeres  with  blast ;  /  and  m  are  valves ;  »  is  a 
screw-box  by  means  of  which  the  blast  pipe,  o,  may  be  moved 
up  and  down.  This  pipe  is  also  movable  at  the  polished 
ring,  p. 
The  handle,  q,  provided  with  an  eccentric  motion,  serves 
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to  press  the  blast  pipe  hard  against  r ;  s  is  an  opening  for 
cleaning  the  tuyeres,  and  may  be  closed ;  t  is  the  cast-iron 
bottom  plate  of  the  converter ;  it  is  screwed  to  the  founda- 
tion ;  u  is  the  tapping  hole,  closed  with  a  clay  plug;  tr  is  a 
gutter  for  running  the  steel  into  the  ladle.  The  twelve  tuyeres 

Fio.  21. 


of  clay  are  |  of  an  inch  in  diameter,  and  are  placed  z  inches 
above  the  bottom  in  a  tangential  and  not  a  vertical  direction, 
as,  in  the  latter  position,  the  metal  attains  a  rotatory  move- 
loent,  which  impairs  the  uniformity  of  the  process.  The 
quantity  of  blast  required  and  its  pressure  have  been  men- 
tioned on  page  102. 

More  recent  improvements  have  been  made  in  these  con- 
verters by  Stefanson,  of  Siljansforshiitte,  by  placing  the  wind 
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box,  h,  deeper  and  close  to  the  converter,  so  that  the  blast  ia 
introduced  into  the  converter  diredl  from  the  wind-box, 
through  nineteen  tuyeres  of  }  of  an  inch  in  diameter.  The 
tuyeres  communicate  with  the  closed  openings  of  the  wind- 
box,  by  which  means  they  may  easily  be  replaced ;  they  also 
bum  out  less,  and  the  lealcage  of  the  fluid  metal  is  prevented, 

Fio.  zz. 


-1 L. 


as  the  pressure  of  the  metal  column  is  balanced  by  that  of 
the  blast,  on  all  places  where  a  leakage  is  likely  to  occur. 
The  converter  is  4  feet  wide,  and  from  38  to  50  inches  high, 
the  wind-box  is  7^  inches  high  and  6  inches  wide,  and  the 
opening  for  charging,  3  inches  square,  lies  2  feet  above  the 
sole  of  the  tapping  hole,  which  is  4  inches  square.  The  neck 
of  the  converter  measures  6  by  9  inches,  or  54  square  inches. 
The  height  of  the  furnace  varies  with  the  nature  of  the  pig- 
iron.  The  English  fire-hricks  prove  cheaper  and  more 
refradlory  than  the  Swedish  bricks  of  Hogana. 

The  blast  engines  employed  for  treating  charges  of  from 
36  to  40  cwts.  of  pig-iron,  are  horizontal  cylinders  2"5  feet 
in  diameter  and  3  feet  stroke  of  quick  motion,  making  120 
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double  strokes  per  minate ;  they  work  at  a  pressure  of  5^  or 
55  lbs.  per  square  inch.  The  motive  power  required,  corre- 
sponds to  about  107  horse  power,  or,  when  the  friftion  is 
taken  into  consideration,  to  150  horse  power.  The  blast  is 
introduced  into  the  converters  through  nineteen  tuyeres, 
each  of  }  of  an  inch  in  diameter. 

The  blast  regulators  must  be  large  enough,  and  must  com- 
prise at  least  ten  times  as  much  space  as  that  which  the 
piston  passes  through  in  a  second. 

The  ladles  are  made  of  iron  plates  and  are  coated  inside 
with  clay;  they  are  of  larger  dimensions  for  soft  than  for 
hard  steel,  as  the  former  boils  up  more  violently.  To  pre- 
vent the  steel  cooling  too  quickly,  the  ladle  is  surrounded 
with  an  iron  mantle,  and  the  space  between  the  mantle  and 
ladle  is  filled  up  with  bad  conductors  of  heat.  The  lai^er 
kinds  of  ladles  are  about  3^  feet  high,  and  3  feet  and  3}  feet 
in  diameter  at  the  bottom  and  top  respeiflively.  The  ladles 
are  also  construi5ted  like  those  described  on  page  122. 

The  moulds  are  made  of  cast-iron,  free  from  sulphur,  and 
are  cast  in  two  parts ;  this  construdtion  is  a  disadvantage, 
as  seams  will  be  found  in  the  ingots  along  the  lines  of 
junAion  of  the  moulds. 

The  Condndl  of  the  Process. — The  pig-iron  (t^  or  z 
tons)  is  tapped  into  a  well  warmed  ladle,and  after  being  weighed 
it  is  chai^;ed  into  the  converter  through  the  funnel.a  (Fig.  21) ; 
as  much  blast  is  at  the  same  time  introduced  as  is  required 
to  blow  out  the  coal  which  has  been  employed  for  warming 
the  converter,  and  to  offer  sufhcieot  resistance  to  the  entering 
mass  of  fluid  iron.  The  outside  of  the  roof  of  the  converter 
must  be  warm  to  the  hand.  While  charging  the  iron,  the 
quantity  of  blast  is  so  much  increased  that,  after  some 
minutes,  ebullition  takes  place.  In  order  to  effeCt  the 
charging  so  quickly  that  no  ebullition  occurs  during  the  opera- 
tion (which  would  cause  much  iron  to  be  thrown  out  of  the 
converter'by  the  blast),  the  opening  in  the  ladle  for  emitting 
the  iron  ought  to  be  2  inches  wide,  and  that  in  the  funnel 
3  inches  square.  The  charging  being  finished,  the  opening 
of  the  funnel  is  closed  with  a  plug  of  loam,  and  its  top 
covered  with  a  weighted  cast-iron  plate. 
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The  formation  of  the  slag,  by  the  oxidation  of  silicon; 
manganese,  and  iron,  now  commences,  and  the  graphitic 
carbon  is  converted  into  combined  carbon.  The  flame,  - 
which  is  short  and  of  a  dull  yellow  colour,  with  compara- 
tively few  sparks,  makes  a  hissing  noise  in  the  converter ; 
the  metal  ts  put  in  violent  motion,  and  if  the  iron  is  thickly 
liquid,  it  will  partially  close  the  tuyeres,  causing  the  mano- 
meter to  rise ;  the  pressure  of  the  blast  must  then  be  in- 
creased. The  ebullition  commences  either  immediately 
after  the  pig-iron  is  charged,  or  in  the  course  ,of  not  more 
than  17  minutes  after,  according  to  the  nature  of  the  pig-iron, 
the  largeness  of  the  charge,  and  the  quantity  of  ferriferous 
slag  of  the  previous  charge,  remaining  in  the  converter; 
when  the  ebullition  commences,  and  also  when  g^y  pig-iron 
is  being  treated,  the  tuyeres  will  be  open  and  the  scale  of 
the  manometer  be  lowered.  Fart  of  the  carbon  is  now  oxi- 
dised, forming  carbonic  oxide,  and  the  commencement  of 
this  period  is  indicated  by  the  following  appearances : — A 
great  number  of  woolly  looking  sparks  are  emitted  from  the 
converter,  the  flame  contains  intermixed  violet  stripes,  and 
the  noise  in  the  converter  increases  if  the  process  is  carried 
on  more  vigorously  and  at  a  higher  temperature ;  the  flame 
then  becomes  long  and  of  a  blue  colour,  with  a  brilliant 
white  edging,  and  emits  a  greater  quantity  of  brown  smoke 
if  the  ebullition  is  very  strong  and  the  pig-iron  very  hard. 
A  satisfactory  ebullition  is  indicated  by  a  loud  buzziag  noise 
and  but  few  wool-like  sparks. 

The  blast  must  be  so  regulated,  by  means  of  a  valve  in  the 
blast  main,  that  a  brisk  ebullition,  without  brown  smoke, 
takes  place,  and  that  as  little  as  possible  of  the  iron  is  thrown 
out  of  the  converter.  When  too  little  blast  is  introduced, 
the  flame  will  oscillate  and  be  dull  and  free  from  sparks,  and 
the  ebullition  will  decrease.  The  throwing  out  of  metal 
may  also  be  counteradled  by  heightening  the  converter, 
which,  however,  is  limited  by  the  degree  of  liquidity  and  the 
temperature  of  the  metal,  and  by  making  the  neck  of  the 
dimensions  stated  on  page  140. 

Grey  pig-iron  boils  uniformly  without  any  noise,  and  per- 
mits a  stronger  pressure  of  the  blast,  whilst  harder  pig  boils 
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intermittently,  emits  a  great  deal  of  brown  smoke,  and  throws 
out  fragments  of  burning  iron,  defedis  which  cannot  be  easily 
remedied  by  lowering  the  blast,  and  the  loss  is  increased  as 
a  longer  time  is  required  for  boiling. 

When  the  emission  of  burnt  iron  becomes  less  violent,  the 
blast  is  gradually  increased  until  the  boiling  ceases,  less 
Bmokc  issues,  the  wool-like  sparks  disappear,  and  the  appear- 
ance of  the  fragments  of  burnt  iron  and  the  noise  in  the  con- 
verter indicate  a  hot  and  thoroughly  liquid  produdl.  About 
as  much  blast  is  applied  as  will  limit  the  ebullition  of  30  cwts. 
of  grey  pig-iron  to  6  minutes  at  the  most.  But  the  metal  is 
not  yet  converted  into  steel,  and  still  contains  2*5  or  3  per 
cent  of  carbon,  which  is  removed,  as  far  as  necessary,  in  the 
last  period  by  applying  more  or  less  blast  for  i  or  2  minutes 
longer,  according  to  whether  the  produdtion  of  hard  or  soft 
steel  is  intended.  This  period  is  characterised  by  a  pure 
brilliant  flame  and  reddish  fragments  of  burnt  iron,  which, 
on  touching  the  wall  of  the  building,  appear  black,  and  grow 
gradually  lighter,  till,  at  last,  they  attain  the  appearance  of  a 
steady,  strong  train  of  light.  With  the  progress  of  the 
fining  the  particles  of  iron  become  lighter,  and,  at  a  veiy 
high  temperature  of  the  converter,  sometimes  disappear 
altogether,  the  flame  becomes  shorter,  and  instead  of  the 
roaring  noise  10  the  converter,  a  humming  or  biuzing  takes 
place. 

Much  experience  is  required  to  produce  steel  of  a  certain 
degree  of  hardness  from  calculations  founded  on  a  number 
of  indications,  such  as  the  size  and  nature  of  the  flame,  the 
time  occupied  for  boiling  at  a  certain  state  of  the  manometer, 
the  colour  and  brightness  of  theparticles  of  iron  thrown  out, 
&c.  However,  the  managers  of  the  process  are  able  to 
obtain  a  produCl  regularly  for  some  weeks  which  does  not 
vary  by  ^  of  a  per  cent  of  carbon.  Two  different  states  of 
the  processare  distinguished,  one  ofwhich  is  termed  "warm" 
and  the  other  "  cold, "  and  these  states  are  essentially  in- 
fluenced  by  the  quality  and  quantity  of  the  pig-iron  charged, 
by  the  state  and  dimensions  of  the  converter,  and  I^  the 
quantity  of  blast  employed. 

A  warm  process  requires  a  good  grey  pig-iron,  charges  of  the 
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size  fixed  by  experience,  a  sufficient  number  of  tuyeres,  and 
a  low  weIl-constru<5ted  furnace,  tt  is  indicated  by  a  roaring 
noise  in  tbe  converter  during  the  stages  of  the  boiling  and 
fining,  whilst  little  frs^ments  of  burnt  iron  are  thrown  out ; 
the  produA  undulates  strongly  in  the  ladle,  and  on  being 
cast  in  the  moulds,  the  slag  is  a  light  brownish-yellow.  A 
cold  process  is  characterised  by  the  opposite  indications. 

The  tapping-hole  is  closed  with  a  fire-brick  supported  by 
an  iron  plug,  and  is  opened  as  soon  as  it  is  apparent,  by  the 
above-mentioned  iodicatioDS,  that  the  steel  has  attained  the 
desired  degree  of  hardness.  The  blast  is  then  almost  entirely 
put  off,  whilst  the  steel  is  collected  in  a  ladle,  the  bottom  of 
which  has  previously  been  heated  to  redness. 

If  the  tapping  off  is  not  effected  quickly,  the  metal  is  apt 
to  become  further  decarbonised,  and  even  converted  into 
wrought-iron.  The  ladle  is  then  moved  above  the  iron 
moulds,  which  are  previously  heated  so  as  to  be  hand-warm, 
and  the  moulds  are  filled  with  steel  up  to  within  6  inches  of 
the  top.  If,  owing  to  small  size  of  the  moulds,  the  very  hot 
process,  and  the  strong  stream  of  steel,  the  surface  of  the 
steel  in  the  moulds  sinks,  the  tapping-hole  of  the  ladle  is 
alternately  opened  and  closed,  until  no  further  sinking  is 
observable.  A  plug  of  cast-iron  is  now  placed  upon  the  steel 
surface,  and  the  space  above  filled  up  with  sand.  Heavy 
and  fiat  ingots  are  cast  with  a  stream  from  below,  thus  pre- 
venting their  upper  surface  becoming  hollow  and  uneven. 

If,  during  the  operation  of  casting,  some  steel  is  colleifted 
by  means  of  a  shovel  placed  below  the  ladle,  hard  steel  will 
form  dark  spots  owing  to  a  rapid  ciystallisation,  and,  on 
cooling,  will  present  an  even  surface.  Soft  steel  does  not 
crystallise,  is  rugged  when  solidified,  and  in  the  liquid  state 
shows  a  white  colour,  emitting  a  number  of  fine,  white,  round 
sparks. 

When  the  converter  has  been  emptied,  its  tapping-hole, 
neck,  and  bottom,  together  with  the  tuyeres  and  other  parts, 
are  cleaned  and  repaired,  while  the  movable  roof  is  removed, 
and  some  of  the  blast  employed  for  cooling  the  furnace  if 
necessary.  The  converter  is  then  warmed  and  ready  for  a 
new  chai^  or  blow. 
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About  78  per  cent  (sometimes  even  So  per  cent)  of  steel 
are  produced  from  the  pig-iron,  70  per  cent  of  which  are  pure 
ingots,  and  8  per  cent  are  waste  steel.  There  also  result 
10  per  cent  of  metal  which  is  blown  out  of  the  converter ; 
this  is  collected  and  added  to  the  ore  mixture  for  the  iroa 
blast  furnaces.  On  re-heating  and  rolling,  a  loss  of  4  per 
cent  takes  place. 

With  regard  to  hardness,  the  Bessemer  produfts  are 
usually  classified  according  to  the  appearance  of  the  fraifhire 
of  the  ingot  and  of  a  drawn-out  bar,  the  temperature  at  which 
steel  can  be  treated  without  crumbling,  and  the  lowest  degree 
of  heat  at  which  the  steel  may  be  hardened. 

But  such  an  examination  of  steel  requires  great  experience; 
Eggertz's  colorimetric  method  for  quickly  determining  the 
combined  carbon  in  steel,  may,  therefore,  be  considered  as 
an  essential  pn^ress  in  the  classification  of  this  metal.  The 
Swedish  works,  as  well  as  some  of  the  Bessemer  steel  works 
in  England,  have  adopted  Professor  Bggtrtz's  method. 

This  method  of  determining  combined  carbon  in  iron  or 
steel,  depends  on  the  coloration  produced  by  carbon  in  solu- 
tion of  pemttrate  of  iron,  which,  under  ordinary  circum- 
stances, is  colourless,  or,  at  most,  of  a  slightly  greenish  tint. 
The  standard  series  of  colours  is  made  by  dissolving  quan- 
tities weighing  z  decigramme  of  steel  of  luiown  composition 
in  pure  nitric  acid  of  X'z  specific  gravity  at  80°  C,  and  diluting 
with  water  to  a  standard  volume.  The  solutions,  which  give 
different  shades  of  brown,  are  preserved  in  glass  tubes. 

One  decigramme  of  the  steel  to  be  examined  is  dissolved 
in  pure  nitric  acid,  under  the  conditions  observed  in  making 
the  standard  series.  The  solution  is  decanted  from  the 
residue,  poured  into  a  burette  of  the  same  diameter  as  the 
tubes  coataining  the  standard  solutions,  and  diluted  with 
water  until  it  matches  one  of  the  tints.  The  amount  of 
carbon  is  then  found  by  calculation  from  the  relative  volumes 
of  the  solutions.  Steel,  vrith  a  medium  amount  of  carbon 
(o"8  per  cent)  gives  a  yellowish  green  solution,  a  very  hard 
steel  with  1*5  per  cent,  brownish  red,  and  the  softest  steel 
with  0*4  per  cent,  only  a  slight  greenish  tinge. 

VOL.  III.  L 
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The  following  determiaations  of  carbon  in  varioas  kinds 
of  iron  and  steel  made  in  Sweden  are  by  Eggertz : — 

Softest  Swedish  Bessemer 

iron  contains     ....  o'oS  per  cent  of  carbon. 

Soft  steel 075  „ 

Best  quality  of  cast-steel     .  i*40— l"5o  „  „ 

Natural  forge  steel     .     .     .  O'gg — 2*44  „  „ 

Cement  steel o'so — 1-90  „  „ 

Cast-steel o*86 — i'g4  „  „ 

Hardest  welding  cast'Steel .  i'8o  „  „ 

Malleable  cast-iroa    .    .    .  0*88 — 1-52  „  „ 

Draw-plate  steel    ....  3-30  „  „ 

The  Fagersta  works  in  Sweden*  produce  their  own  pig- 
iron  from  a  mixture  of  ores,  principally  "  magnetic,"  in 
charcoal  furnaces  with  hot  blast.  The  iron  mostly  produced 
for  the  Bessemer  process  is  grey,  and  the  ore  mixture  em- 
ployed for  that  purpose  has  the  following  composition  : — 

Carbonic  acid S'oo 

Silica; 17-35 

Alumina ....'. 0*95 

Lime 6'50 

Manganese 3'35 

Sesquioxide  of  iron 32*15 

Protoxide  of  iron 27*40 

Phosphoric  acid 0*03 

The  grey  pig-iron  produced  has  the  composition  shown 
in  column  i : — 

I.  II. 

Combined  carbon  ....    i*oi2  2*138 

Graphitic  carbon    ....    3*527  2*773 

Silicon 0*854  0*641 

Manganese 1*919  2*926 

Phosphorus 0*031  0*026 

Sulphur 0*010  0*015 

No.  2  is  called  two-thirds  mottled,  and  is  also  produced  for 
the  Bessemer  process,  in  which  it  is  used,  together  with  the 
gr^  iron,  in  the  proportion  of  about  i  to  2. 

The  composition  of  the  slag  produced  in  the  converter  with 
grey  iron,  after  a  complete  charge  in  making  soft  steel,  is 

*  F.  KAbn,  Mannra^re  of  Iron  uid  Steel,  p.  ill. 
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shown  in  analysis  i ;  analysis  2  shows  the  composition  of 
the  corresponding  blast  fiimace  slag : — 

I.  II. 

Silica 44-30       53-30 

Alumina io*8o  3-00 

Lime 0*65         21-10 

Magnesia o'lS        I3"95 

Protoxide  of  manganese    .     .    24'55  7*85 

„         iron      ....     19-45  0'90 

The  Swedish  classification  of  Bessemer  steel,  by  numbers 
based  upon  the  percentage  of  carbon,  is  as  follows  : — 
No.  i-o  contains  2'oo  per  cent. 
..    1*5        »        175 
I.    3-0        „        1-50        „ 
and  so  on  up  to  No.  4*5  with  only  0-25  per  cent,  below  which 
point  the  scale  is  not  extended,  as  this  metal  is  already 
classified  under  wrought-iron.   Sorts  of  steel  containing  pro- 
portions of  carbon  which  stand  between  the  given  numbers, 
are  called  by  the  number  to  which  they  approach  nearest. 

The  Bessemer  process  is  interrupted  at  the  moment  that 
the  desired  quality  of  steel  is  obtained  in  the  converter,  and 
this  precise  moment  is  recognised  by  no  other  indication 
than  the  colour  and  appearance  of  the  flame.  Occasionally, 
the  addition  of  a  further  quantity  of  pig-iron  is  resorted  to, 
but  this  iron  is  instead  of  spiegeleisen,  and  is  exactly  the 
same  as  that  employed  in  the  charge. 

At  the  last  Paris  Exhibition,  the  Fagersta  Works  had  a 
series  of  bars  of  Bessemer  tool  steel,  which  had  undergone 
the  process  of  hardening  and  re-heating  from  one  to  fifty 
times.  There  was  some  visible  difference  in  the  grain  of  the 
original  steel  and  that  which  had  been  hardened  and  heated 
many  times,  bat  the  properties  of  steel  had  not  been  destroyed 
l^  the  repeated  process. 

At  the  Konigin  MarienhOtte,  near  Zwickau  in  Saxony,  the 
quali^  of  the  steel  is  tested  by  the  colour  of  the  slags.*  The 
iron  used  at  these  works  is  the  product  of  the  adjoining  blast 
furnaces,  mized  with  a  certain  percentage  of  iron  from  the 
Geotgs  Marienhtitte,  near  Osnabrtick  in  Hanover.     Both 
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these  makes  have  the  peculiarity  of  evolving  an  extraordinaiy 
amount  of  white  smoke  towards  the  end  of  the  charge,  which 
makes  the  changes  of  the  flame  almost  invisible,  or,  at  least, 
very  difficult  to  observe ;  the  workmen  have,  therefore,  been 
driven  by  necessity  to  adopt  another  mode  of  testing  the  pro- 
gress of  the  charge  than  the  observation  of  the  flame.  They 
insert  a  testing  rod  of  iron  into  the  converter,  and  upon  this 
rod  allow  a  small  quantity  of  the  converter  slags  to  collefl. 
During  the  early  stages  of  the  process,  the  slag,  when  solidi- 
fied, shows  a  rough  and  dull  surface  covered  with  little  me- 
tallic pearls ;  but,  at  the  later  stages,  the  surface  of  the  slag 
is  perfeftly  smooth  and  uniform,  taking  a  yellowish  brown 
colour  when  the  harder  kinds  of  steel  are  arrived  at,  and 
gradually  passing  through  darker  and  darker  shades  into  a 
bluish  black.  They  use  no  spiegeleisea  at  these  works, 
consequently,  the  testing  rod  has  become  their  sole  guide ; 
and  it  is  so  reliable,  that  out  of  100  charges  no  more  than  two 
or  three  prove  defe(5tive.  The  test  is  finished  in  less  than 
half  a  minute,  as  the  slag  solidifies  almost  instantaneously. 

To  complete  our  description  of  the  Bessemer  process,  we 
subjoin  a  description  by  Mr.  Bessemer  himself,  contained  in 
a  paper  read  on  September  8th,  1865  (Ure's  Diiftionary,  vol, 
iii.,  p.  767),  before  the  Institution  of  Civil  Engineers,  which 
shows  the  gradual  progress  and  present  success  of  the  process, 
and  is  also  of  historical  value : — 

"  The  facility  which  the  blast  furnace  affords,  of  at  once 
separating  from  the  ores  of  iron  the  greater  part  of  the  ex- 
traneous matters  which  they  contain,  has  rendered  its 
employment  almost  universal,  as  a  preliminaiy  process  in 
the  produt^ion  of  malleable  iron. 

"  The  crude  metal  thus  obtained,  although  separated  from 
a  large  proportion  of  its  impurities,  is  nevertheless  found  to 
be  intimately  combined  with  carbon  and  silicon,  and  generally 
with  sulphur,  phosphorus,  manganese,  and  some  other  sub- 
stances, in  comparatively  minute  quantities ;  the  decarbonisa- 
tion  of  the  iron,  and  the  separation  of  these  substances,  as 
far  as  practicable,  claims  the  first  care  of  the  manufaifturer. 
For  this  purpose  the  crude  metal  is  either  formed  into  pigs, 
which  are  afterwards  re-melted  in  the  refinery  furnace,  or  it 
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is  run,  while  still  in  a  fluid  state,  from  the  blast  furnace 
diredl  into  the  refinery  fires,  where  it  is  subjeAed  to  the 
action  of  blasts  of  air,  direifled  downwards  upon  its  surface 
at  a  particular  angle.  The  crude  metal  thus  aifled  upon  by 
the  oxygen  of  the  air,  is  in  about  three  hours  sufBciently  decar- 
bonised and  refined  to  render  it  suitable  for  the  puddling 
process  ;  it  is  therefore  run  out  of  the  finery  and  formed  into 
a  large  flat  plate,  which  is  of  an  extremely  hard  and  brittle 
charaAer,  and  presents  physically  no  approach  whatever  to 
the  malleable  state.  The  hard  and  brittle  mass,  thus  formed, 
is  easily  broken  by  the  hammer,  into  pieces  of  a  size  suitable 
for  the  puddling  furnace,  to  which  it  is  conveyed  in  order  to 
be  more  completely  decarbonised  and  rendered  malleable. 

"  Most  metals,  on  the  verge  of  fusion,  lose  their  power  of 
cohesion,  and  are  readily  crumbled  down  into  a  coarse 
powder.  This  property  is  common  to  pig  and  to  refined  iron, 
and  advantage  is  taken  of  it  in  the  puddling  process.  The 
workman  watches  the  temperature  and  appearance  of  the 
metal,  and  seizing  the  proper  moment,  divides  the  masses 
of  refined  iron  into  small  fragments,  which  he  spreads 
about  the  furnace,  and  finally  breaks  it  down  into  a  kind  of 
coarse  sand.  The  metal,  in  this  divided  state,  exposes  a 
large  extent  of  surface  to  the  refining  ai5tion  of  the  fluid 
cinder,  as  well  as  to  the  volume  of  air  constantly  passing 
through  the  furnace.  By  increasing  the  heat,  the  granulated 
mass  swells  up  and  emits  numerous  jets  of  blue  Same.  At 
this  point  the  puddler  diligently  stirs  and  works  the  metal, 
until  the  flame  appears  of  white  colour,  and  the  metal  be- 
comes clotted  and  tenacious,  or,  as  the  workmen  term  it, 
comes  to  nature;  after  which  the  iron  is  gathered  into  balls, 
and  is  then  removed  as  quickly  as  possible  to  the  squeezer, 
where  much  of  the  liquid  scoria  and  other  mechanically 
mixed  impurities,  are  driven  out,  leaving  a  mass,  or  billet 
of  iron,  composed  of  thousands  of  separate  fragments  of 
metal,  the  entire  surface  of  every  one  of  which  is  more  or 
less  coated  with  dry  oxide,  or  fluid  silicate  of  oxide  of  iron. 
The  great  pressure  exerted  by  the  squeezer  suffices  to  so  far 
remove  the  fluid  coating  of  contiguous  particles  as  to  bring 
their  surfaces  into  aAual  contact,  and  consequently  to  effeA 
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an  union  at  such  parts.  The  whole  of  the  matter  thus  dis- 
placed cannot,  however,  find  its  way  between  the  interstices 
of  the  mass  to  the  outside,  but  portions  become  locked  in 
the  hollows  and  cavities  of  the  porous  mass,  and  these  pro- 
duce points  of  separation,  a.nd  consequently  of  weakness, 
from  the  want  of  contaA  of  metal  to  metal.  So  marked  is 
this  effeA,  that  in  rolling  the  billet  of  squeezed  iron  into  a 
puddle  bar,  large  gaping  cracks  are  formed  at  the  angles  of 
the  bar,  and  a  general  want  of  cohesion  is  evinced  by  the 
ease  with  which  it  may  be  broken  up,  and  by  its  fraiflure 
not  taking  place  on  the  line  of  force,  but  following  some 
tortuous  path  through  the  metal  where  the  points  of  co- 
herence are  least.  It  must  be  observed  that  this  source  of 
inequality  and  weakness  in  iron  is  inherent  to  the  puddling 
process,  and  that  no  amount  of  after  rolling,  or  working,  can 
entirely  get  rid  of  the  extraneous  matters,  such  as  cinders, 
dry  oxide  of  iron,  and  sand.  These  substances  may,  by 
working,  be  more  generally  diffused  throughout  the  mass, 
and  thus  become  less  perceptible,  but  they  will,  nevertheless, 
for  ever  remain  there,,  lessening  the  cohesion  of  the  iron,  and 
causing  cracks  and  Raws  more  or  less  objei5lionable. 

"  In  the  puddling  process,  the  granules  of  metal  gradually 
pass  from  the  state  of  brittle  finery  iron  to  steel,  and  passing 
that  point  through  every  gradation  of  hard,  medium,  and 
soft  steel,  eventually  arrive  at  the  softest  stage  of  decar- 
bonised iron.  The  time  occupied  in  these  charges  varies 
with  the  size  of  the  granules,  their  temperature,  and 
the  extent  to  which  each  is  exposed  to  the  action  of  the 
air  passing  through  the  furnace.  The  puddler,  therefore, 
exercises  his  skill  in  bringing  every  particle,  as  far  as 
possible,  in  turn  to  the  surface,  and  by  laborious  and  con- 
tinued stirring  and  turning  over  of  the  heavy  mass,  he 
endeavours  to  bring  the  whole  into  the  same  condition ;  but, 
despite  his  skill  and  laborious  efforts,  he  can  only  get  the 
general  bulk  of  the  metal  into  the  desired  condition.  There 
will  always  be  pieces  which  elude  his  vigilance,  which  re- 
main too  long  at  the  bottom,  or  lie  snugly  in  some  angle  of 
the  hearth  during  the  greater  part  of  the  process,  and  then 
come  forth  to  contaminate  the  rest. 
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"It  is  supposed,  by  many  persons  conneAed  with  the 
manufacture  of  iron,  that  it  is  to  the  puddling  process  that 
the  fibrous  texture  of  bar  iron  is  due,  and  that  the  iron  is,  while 
in  a  pasty  state,  worked  and  kneaded  in  such  a  manner  as 
to  prevent  the  formation  of  crystals.  Nothing,  however, 
can  be  more  erroneous  than  such  an  opinion.  The  puddling 
process  has  nothing  whatever  to  do  with  the  fibrous 
charaAer  of  bar  iron.  In  proof  of  this,  an  experiment  was 
made  on  a  squeezed  and  on  an  unsqueezed  puddled  ball, 
chosen  as  ^r  examples  of  good  puddled  iron,  and  obligingly 
supplied  to  the  author  by  Mr.  Clay,  of  the  Mersey  Iron  and 
Steel  Works.  One  of  these  puddled  balls,  which  had  been 
well  squeezed  and  formed  into  a  billet,  was  partly  cut  through 
in  a  lathe ;  it  was  then  broken,  and  when  the  fraifture  was 
examined,  the  entire  surface  was  found  to  be  composed  of 
large  brilliant  crystals,  without  the  remotest  approach  to 
fibre.  The  unsqueezed  puddled  ball  was  next  broken  :  the 
points  of  contact  of  the  spongy  mass  were  necessarily  small, 
yet,  wherever  a  fradlure  could  be  obtained  through  the  solid 
mass,  instead  of  between  the  separate  granules,  the  fradtured 
part  exhibited  a  brilliant  crystalline  strudture,  the  crystals 
being  exceedingly  large  in  proportion  to  the  mass  divided. 
In  some  cases,  two  small  contiguous  pieces  separating  from 
each  other,  the  flat  plane  of 'one  large  crystal  forming 
the  entire  of  the  fraiftured  surface.  It  must  be  understood 
that  this  was  the  general  condition  of  the  mass,  which  was, 
however,  interspersed  with  the  hard  rounded  lumps,  always 
found  in  puddle  balls,  and  which,  in  this  instance,  exhibited 
a  fradlure  dull  and  greyish  in  colour,  not  flattening  under 
the  hammer  like  malleable  iron,  but  cracking  like  annealed 
finery  iron,  or  steel  of  an  inferior  quality.  The  high  reputa- 
tion enjoyed  by  the  Mersey  Steel  Company  is  a  sufficient 
guarantee  that  the  defeats,  here  pointed  out,  are  inherent  to 
the  puddling  process,  and  are  not  the  result  of  any  inferior 
woi^manship  in  the  specimens.  In  the  rolling  process,  the 
general  mass  becomes  elongated,  and  the  hard  lumps  of  ill- 
refined  metal  become  elongated  also ;  but  as  they  possess 
veiy  little  malleability  and  cohesion,  large  cracks  and  flaws 
are  produced,  and  the  bar,  after  the  first  rolling,  shows  most 


,;  Google 


152  STEEL. 

incoQtestably  the  extent  to  which  thesti  hard  pieces,  and  the 
scoria  together,  operate  to  prevent  the  cohesion  and  uniform 
extension  of  the  bar.  Hence  the  rolled  metal,  in  that  state, 
cannot  be  used,  and  requires  to  be  cut  into  short  pieces, 
piled  and  rolled  out,  before  a  merchant  bar  can  be  obtained 
of  sufficient  soundness  for  general  purposes. 

"  Now,  if  these  imperfections  are  the  natural  and  inevi- 
table consequences  of  the  conditions  under  which  malleable 
iron  is  at  present  produced,  it  follows  that  defects  of  a 
similar  charaAer  must  also,  of  necessity,  exist  more  or  less 
in  steel  produced  by  the  puddling  process.  The  granular 
condition  of  the  metal  and  its  exposure  to  heat  and  oxygen 
cannot  fail,  in  both  cases,  to  oxidise  the  entire  surfaces  of 
the  numerous  granules  to  be  united  into  one  mass.  The 
admixture  of  scoria  and  other  matters  from  the  furnace  is 
equally  certain  to  result,  and,  at  the  same  time,  the  difficulty 
of  bringing  each  particle  of  the  metal  to  the  same  degree  of 
decarbonisation  and  refinement  exists  as  in  the  making  of 
iron,  with  the  additional  inconvenience,  arising  from  some 
portions  of  the  metal  becoming  entirely  decarbonised  and 
converted  into  soft  malleable  iron. 

"It  is  thus  evident  that  iron,  in  its  malleable  state,  pre- 
sents an  unfavourable  contrast  to  the  other  malleable  metals ; 
for  they  are  known  not  to  possess  the  inequalities  found  in 
iron  ;  they  are  free  from  sand  and  scoria,  and  have  no  hard 
and  soft  parts ;  nor  do  they  require  any  welding  of  con- 
tiguous surfaces,  but  are  perfectly  homogeneous  and  free 
from  all  mechanical  admixture  with  foreign  substances. 
To  what,  then,  do  the  metals,  gold,  silver,  copper,  zinc,  tin, 
and  lead,  owe  this  valuable  exemption  from  the  defects 
universally  found  in  puddled  iron  ?  The  answer  is  found  in 
the  simple  fadt  that  all  these  metal  are  purified  and  refined 
in  a  fluid  state,  and  while  still  fluid,  they  are  formed  into 
ingots.  By  this  process  any  impurities  float  on  the  surface 
of  the  fluid  metal,  and  are  effectually  separated  from  it ; 
while  a  pure  metallic  mass  is  formed,  connected  at 
all  points,  and  capable  of  producing  plates  of  a  degree 
of  soundness  and  evenness  of  texture  not  hitherto  met  with 
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**  The  ingot,  of  whatever  metal  it  may  be  formed,  ctystal- 
lises  on  cooling,  in  a  manner  peculiar  to  itself,  all  cast 
ingots  being  necessarily  of  a  crystalline  stniifture.  Yet  this 
condition  of  the  metal,  so  much,  yet  so  needlessly,  dreaded 
by  the  iron  manufaiflurer,  in  no  way  lessens  the  tonghnesa 
of  the  sheets  of  metal  produced  from  such  ingots.  Of  this 
faA  zinc  presents,  perhaps,  the  most  striking  illustration. 
In  the  cast  ingot  the  crystals  are  of  great  size,  and  the  lines 
of  cleavage  are  bo  well  defined,  that  on  bending  the  ingot 
to  a  slight  angle,'  cracks  make  their  appearance  and  the 
mass  separates,  presenting  a  brilliant  foliated  surface.  But 
if  the  ingot  be  rolled  at  a  suitable  temperature,  an  extreme 
degree  of  toughness  is  produced,  and  the  whole  strudlure  of 
the  metal  is  changed. 

"  If,  then,  the  refinement  of  the  malleable  metals,  while 
in  a  fluid  state,  and  their  formation  into  cast  ingots,  render 
all  such  metals  more  sound  and  homogeneous  than  iron, 
while  the  process  does  not  lessen  their  extreme  ductility,  why 
should  iron  for  ever  remain  an  exception  to  the  general  rule  7 
Why  should  it  be  attempted  to  stick  dirty  little  granules  of 
that  metal  together,  and  then  to  squeeze  the  impure  mass 
until  it  is  so  small  as  to  be  useless,  until  it  is  t^ain  fagotted 
up  and  imperfectly  united,  and  thus  for  ever  to  multiply  the 
defedts  which  its  first  treatment  entails  7  It  may  be  truly 
answered  that  hitherto  the  excessive  high  temperature  re- 
quired to  fuse  and  to  maintain  pure  iron  in  a  Quid  state,  has 
interposed  an  insuperable  barrier.  The  highest  heat  of  the 
furnaces  will  only  suffice  to  show  that  fluidity  is  a  possible 
condition  of  that  metal,  but  no  use  can  be  made  of  that 
property,  on  a  commercial  scale,  with  any  fuel-consuming 
furnace  at  present  known. 

"  It  need  not,  therefore,  be  a  matter  of  surprise  that  when 
H  was  first  proposed  by  the  author  to  convert  crude  pig-iron 
into  malleable  iron  while  in  a  fluid  state,  and  to  retain  the 
fluidity  of  the  metal  for  a  sufficient  time  to  admit  of  its  being 
cast  into  moulds,  without  the  employment  of  any  fuel  in  the 
process,  that  his  proposition  was  almost  generally  looked 
upon  as  a  chimera,  or  as  the  mere  day-dream  of  an  enthu- 
siast, which  the  quiet  every-day  practical  man  felt  bound  to 
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disbelieve,  although  the  laws  on  which  the  whole  theory  of 
the  invention  was  based  were  well  known,  and  hence  the 
process  was  recognised  from  the  very  first  by  many  of  the 
scientific  men  of  the  day.  The  theory  which  was  advanced 
in  the  original  paper  read  at  the  British  Association  at  Chel- 
tenham, in  August,  1856,  and  the  experiment  subsequently 
ehown  in  London,  sufficed  to  demonstrate  three  most  impor- 
tant and  incontrovertible  fafts ; — 1.  That  crude  pig-iron  could 
be  wholly  decarbonised  while  still  retaining  its  fluid  state. 
a.  That  by  the  injedtion  of  atmospheric  air  into  the  fluid 
metal,  the  combustion  thereby  produced  would,  in  the  ab- 
sence of  fuel,  raise  the  temperature  of  the  metal  to  a  degree 
never  before  attained  in  metallurgical  operations.  3.  That 
the  iron  so  decarbonised  without  the  employment  of  fuel 
would  retain  its  fluidity  long  enough  to  enable  it  to  be  cast  into 
ingots  capable  of  extension  under  the  hammer  or  the  rolls. 
Nothing  that  has  since  been  discovered  has  altered,  or  even 
modified,  these  faAs.  The  same  apparatus  as  that  shown  in 
London  nearly  three  years  ago  will,  with  the  proper  quality  of 
pig-iron,  and  the  practical  knowledge  since  acquired,  produce 
both  malleable  iron  and  steel  equal  to  any  of  the  samples 
now  exhibited.  It  is  singular  to  observe  how  prone  the 
practical  man  is  to  deny  to  the  inventor  of  a  new  process 
that  very  prai5tical  knowledge  which  he  himself  so  much 
values.  If  the  inventor  cannot  show  in  the  first  week  of  his 
apprenticeship  the  skill  which  it  is  well  known  can  only  be 
acquired  by  years  of  praAice,  it  suffices  to  condemn  the  new 
system,  which,  in  its  mere  infancy,  is  expe<5ted  to  be  as  per- 
feA  in  all  its  details  as  that  which  the  manufa<5turers  have 
grown  grey  in  the  daily  pradtice  of.  The  same  deep  convic- 
tion of  the  truth  on  which  the  new  process  is  based,  and 
which  led  the  author  to  bring  it  before  the  British  Associa- 
tion, has  since  determined  him  (in  spite  of  the  opinions  loudly 
expressed  against  the  process)  to  pursue  one  undeviating 
course  until  the  present  time,  and  to  remain  silent  for  years 
under  the  scepticism  of  those  who  predicted  its  failure,  rather 
than  again  to  bring  forward  the  invention,  until  he  had  him- 
self pra<5tically  and  commercially  worked  the  process,  and 
produced  by  it  both  iron  and  steel  of  a  quality  which  could 
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not  be  suipassed  by  any  specimens  of  those  metals  made  by 
tedious  and  expensive  processes  now  In  general  use.  The 
want  of  success  which  attended  some  of  the  early  ezperi- 
meots,  was  accounted  for  bypraiftical  iron  makers  in  various 
ways.  The  majority  contended  that  the  metal  was  burnt  or 
destroyed  by  the  excessive  temperature  it  acquired  in  the 
process.  Others  declared  that  the  metal  was  too  dry,  and 
that  it  could  never  become  tough  or  fibrous  except  by  a  plen- 
tiful admixture  of  cinder ;  while  a  third  section  traced  every 
fault  to  the  crystalline  condition  of  cast  metal,  which,  they 
said,  could  never  become  tough  or  capable  of  bending  safely 
after  having  once  been  in  a  fluid  state.  Either  of  these  sup- 
posed causes  of  failure  would,  if  well  founded,  have  sufficed 
to  utterly  destroy  the  whole  value  of  the  process.  Objeiflions 
of  so  grave  a  cbaraifter,  vehemently  urged  by  pradtical  iron- 
makers,  were  sufficient  to  damp  the  energy  of  the  inventor, 
who  saw  that  his  only  hope  of  success  lay  in  the  proof  that 
these  praAical  men  were  wholly  in  the  wrong.  Mature  re- 
6e£tioD,  however,  convinced  him  that  the  objeAions  so  ad- 
vanced were  groundless,  and  that  the  reasons  assigned  had 
nothing  whatever  to  do  with  the  failure  in  those  cases  where 
feiilure  had  ensued.  The  practical  men  had  learned  from 
long  experience  that  when  masses  of  tough  fibrous  iron  were 
kept  for  a  long  period  of  time  at  a  high  temperature,  the 
metal  would  gradually  assume  a  crystalline  texture  and  be- 
come what  is  termed  burnt  iron.  Applying  this  isolated 
fadt,  therefore,  to  the  new  process,  he  arrived  at  once  at  the 
conclusion  that  the  high  temperature  of  the  iron  during  the 
Bessemer  process  produced  the  same  result,  without  taking 
into  consideration  the  fatft  that  the  metal  in  the  Bessemer 
process  was  a  Quid,  and,  in  that  condition,  it  was  wholly  un- 
affected by  any  law  of  crystallisation,  and  that  the  pouring  of 
such  metal  into  a  cold  cast-iron  mould,  and  its  consequent 
solidification  in  one  or  two  minutes  afforded  no  time  for  the 
formation  of  large  and  well-defined  crystals,  which  can  only 
result  from  a  slow  aggregation  of  atoms,  as  in  large  forgings, 
where  the  time  allowed  for  the  development  of  the  crystals 
varies,  say  from  100  to  500  hours,  whereby  the  planes  of 
cleavage  of  the  mass  are  so  perfectly  marked  as  to  form 
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lines  of  separation,  and,  consequently,  of  weakness  in  the 
metal. 

"  As  to  the  second  objeftion — the  impossibility  of  producing 
a  tough,  strong,  or  fibrous  iron,  without  an  admixture  of 
cinder — this  is  a  similar  error.  It  will  be  readily  understood 
that  puddled  iron  may  easily  become  too  dry,  that  is,  the 
separate  granules  may  become  coated  with  a  dry  hard  scale, 
such  as  is  produced  by  heating  an  iron  bar  to  redness.  Pieces 
of  iron  so  oxidised  would  not  adhere  together,  but  if  a  little 
sand  be  thrown  on  to  the  surface  so  oxidised,  a  fluid  silicate 
of  iron  or  '  cinder'  will  be  formed.  If  pressure  be  then  applied 
to  two  or  more  surfaces  of  highly  heated  iron  coated  with 
this  fluid,  the  latter  will  be  displaced,  and  the  metallic  sur- 
faces cominginto  actual  contact,  an  union  will  be  effe<fted. 
It  will  be  obvious,  however,  that  these  fai5ts  in  no  way  apply 
to  metal  formed  into  a  mass  while  fluid,  there  being  no  oxi- 
dised surfaces  to  prevent  the  uniform  and  perfeCt  cohesion 
of  every  particle  of  the  whole  mass. 

"  The  third  objection — that  iron  once  rendered  fluid  could 
never  become  tough  and  capable  of  bending — is  wholly  dis- 
proved by  the  samples  produced,  which  sufficiently  show  the 
enormous  amount  of  strain  which  iron  rendered  crystalline 
by  fusion  only  is  capable  of  sustaining  without  rupture.  It 
must  be  home  in  mind  that  the  fraifture  of  rolled  metal  does 
not  necessarily  show  this  so-called  fibrous  condition ;  for  if  a 
perfeft  and  equal  amount  of  cohesion  exists  among  all  the 
particles  of  the  mass,  the  fradlure  will  follow  the  line  of 
force,  and  the  bar  will  break  in  nearly  a.  straight  line  through 
the  smallest  part.  The  long,  jagged,  irregular  fraAure 
which  takes  place  on  breaking  puddled  iron,  is  only  an  addi- 
tional proof  of  its  weakness  and  want  of  uniformity  of  tex- 
ture, produced  chiefly  by  the  diflusion  of  cinder  throughout 
the  mass,  giving  to  it  a  flaky  or  lamellar  texture,  and  lessening 
its  cohesion. 

"  Chemical  investigation  soon  pointed  out  the  real  source 
of  difficulty.  It  was  found  that  although  the  metal  could 
be  wholly  decarbonised  and  the  silicon  be  removed,  the 
quantity  of  sulphur  and  phosphorus  was  but  little  affefted. 
As  different  samples  were  carefully  analysed,  it  was  ascer- 
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tained  that  the  red-shortness  was  always  produced  by  bu1> 
phnr,  when  present  to  the  extent  of  one-tenth  per  cent,  and 
that  cold-shortness  resulted  from  the  presence  of  a  like 
quantity  of  phosphorus.  It  therefore  became  necessary  to 
remove  these  substances.  Steam  and  pure  hydrogen  gas 
were  tried,  with  more  or  less  success,  in  the  removal  of  sul- 
phur, and  various  fluxes,  composed  chiefly  of  silicates  of  the 
osides  of  iron  and  manganese,  were  brought  in  contact  with 
the  fluid  metal  during  the  process,  and  the  quantity  of  phos- 
phorus was  thereby  reduced.  Many  months  were  thus  con- 
sumed io  laborious  and  expensive  experiments,  a  few  steps 
ID  advance  were  gained,  and  many  valuable  faAs  were 
elicited.  New  patents  and  new  apparatus  followed  in  due 
course,  when  it  was  happily  suggested  that  if  it  were  possible 
to  obtain  some  comparatively  pure  pig-iron,  free,  or  nearly 
so,  from  sulphur  and  phosphorus,  a  proof  would  at  once  be 
given  of  the  correftness  of  the  views  entertained  with  refer- 
ence to  these  substances.  Such  a  specimen  of  iron  being 
procured,  it  was  found  that  steel  of  a  fair  average  quality 
could  be  readily  made  from  it.  Indian  and  Nova  Scotia 
iron  were  now  tried,  and  no  doubt  was  then  entertained  of 
the  value  and  ultimate  success  of  the  process.  The  results 
thus  obtained  caused  a  total  change  in  the  direction  in  which 
the  efforts  of  Messrs.  Bessemer  and  Longsdon  were  directed. 
It  was  determined  by  them  at  once  to  import  some  of  the 
best  pig-iron  from  Sweden,  from  which  iron  and  steel  of  ex- 
cellent quality  were  made,  and  the  produce  was  used  for 
almost  every  purpose  for  which  the  highest  qualities  of  steel 
are  employed.  It  was  then  decided  to  discontinue  for  a 
time  all  further  experiments,  and  to  eredl  steel  works  at 
Sheffield  for  the  express  purpose  of  fully  developing  and 
working  the  new  process  commercially,  and  thus  corre^ing 
and  setting  at  rest  the  erroneous  impressions  that  were 
generally  entertained  with  reference  to  the  invention. 

"  In  manufacturing  tool  steel  of  the  highest  quality,  it  was 
found  preferable,  for  several  reasons,  to  use  the  best  Swedish 
pig-iron,  and  when  converted  into  steel  by  the  Bessemer 
process  to  pour  the  fluid  steel  into  water,  and  afterwards  to 
re-melt  the  shotted  metal  in  a  crucible,  as  is  at  present 
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praAised  with  blister-steel,  by  which  system  the  smatl  ingots 
required  for  this  particular  article  are  more  perfectly  and 
more  readily  made.  The  produ<!lion  of  iirst  class  steel  by 
the  new  process,  although  a  matter  of  deep  interest  in  one 
of  the  smaller  branches  of  the  iron  trade,  still  left  untouched 
that  great  source  of  this  country's  prosperity — the  manu- 
fafture  of  malleable  iron.  It  was,  therefore,  impossible  to 
rest  content  without  accomplishing  this  the  original  objetfl 
of  the  invention.  On  examining  into  the  stores  of  mineral 
wealth  so  abundant  in  these  islands,  it  was  found  that  iron 
ore  of  the  requisite  purity  existed  in  vast  and  apparently 
inexhaustible  beds ;  that  of  haematite  alone  as  much  as 
970,000  tons  were  raised  annually,  and  that  a  demand  only 
was  required  to  double  or  treble  that  quantity.  There  are 
also  extensive  beds  of  spathose,  white  carbonate,  and  mag- 
netic ores  of  a  quality  unrivalled  in  the  whole  world.  Although 
these  superior  ores  may  not  lie  in  the  immediate  centres  of 
the  coal  and  iron  works,  yet  the  vast  network  of  railways 
which  now  spreads  over  the  whole  breadth  of  the  land  may 
be  made  available  for  their  transit,  and  thus  not  only  the  most 
valuable  ores  may  be  supplied  to  the  iron  works,  but  the 
traffic  will  be  a  soured  of  profit  to  those  carrying  establish- 
ments which  at  present  apparently  j'ield  only  a  small  return 
for  the  capital  employed  in  their  conatruftion.  When  the 
richness  of  some  of  these  ores,  and  the  facility  with  which 
they  may  be  obtained  by  open  workings  from  beds  of  20  to 
30  feet  in  thickness  are  considered,  it  will  be  obvious  that 
the  cost  of  the  pure  ore  will,  even  when  paying  the  cost  of 
carriage,  very  little,  if  at  all,  exceed  the  cost  of  the  inferior 
ores  at  present  in  general  use.  As  z  ton  12  cwts.  of  haema- 
tite will  yield  i  ton  of  pig-iron,  and  require  60  per  cent  leM 
lime  and  20  per  cent  less  fuel  for  its  reduiflion  than  common 
iron-stone,  and  that,  instead  of  a  weekly  yield  of  160  to 
180  tons,  the  blast  furnace,  with  hasmatite  ore,  yields  from 
220  to  240  tons  of  pig-iron,  it  would  appear  that  the  pure 
kinds  of  iron  may  be  thus  obtained  at  even  a  less  cost  than 
that  incurred  in  the  production  of  the  inferior  qualities  now 
usually  made.  The  gun  and  most  of  the  other  lai^e  speci- 
mens exhibited,  are  made  from  heematite  ore,  smelted  with 
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coke,  by  the  Workington  Iron  Company,  where  excellent 
pig-iron  is  produced  for  conversion  into  malleable  iron  or 
steel  by  the  Bessemer  process. 

"  At  the  Cleator  Moor,  the  Weardale,  and  the  Forest  of 
Dean  Iron  Works,  excellent  iron  for  this  purpose  is  produced. 
There  are,  doubtless,  many  other  establishments  where,  by 
a  slight  change  only  in  the  furnace  charges,  there  could  be 
produced  iron  of  the  requisite  quality.  In  proof  of  this  it 
may  be  remarked  that  the  Workington  Iron  Company,  who 
were  producing  an  article  wholly  unfit  for  the  purpose, 
succeeded  at  once  by  a  variation  of  their  furnace  charges 
(su^ested  by  Mr.  Bessemer)  in  producing  a  quality  superior 
to  several  samples  of  foreign  charcoal  iron.  Thus,  then, 
there  is  opened  in  this  country  an  almost  inexhaustible  supply 
(A  raw  material,  suitable  for  the  production  of  malleable  iron 
and  steel  by  the  Bessemer  process,  and  within  easy  communi- 
cation by  rail  with  the  iron  districts.  It  may,  therefore, 
be  interesting  to  show  in  what  manner  that  process  may 
praAically  be  carried  into  operation. 

"  A  pear-shaped  form  of  the  converting  vessel  has  been 
found  most  convenient.  The  vessel  is  mounted  on  axes,  or 
near  its  centre  of  gravity.  It  is  constructed  of  boiler  plates, 
and  is  lined  with  fire-brick,  road  drift,  or  ganister  (a  local 
name  in  Sheffield  for  a  peculiar  kind  of  powdered  stone) 
which  resists  the  heat  better  than  any  other  material  yet  tried, 
and  has  also  the  advantage  of  cheapness.  The  vessel  having 
been  heated  is  brought  into  a  horizontal  position,  so  that  it 
Boay  receive  its  charge  of  melted  metal,  without  either  of 
the  tuyeres  being  below  the  surface.  No  a<^ion  can  therefore 
take  place  until  the  vessel  is  made  to  assume  the  vertical 
position.  The  process  is  thus  in  an  instant  brought  into  full 
aAivity,  and  small  though  powerful  jets  of  air  spring  upward 
through  the  fluid  mass.  The  air  expanding  in  volume  divides 
itself  into  globules,  or  bursts  violently  upwards,  carrying  with 
it  some  cwts.  of  fluid  metal,  which  again  fall  into  the  boiling 
mass  below.  Bveiy  part  of  the  apparatus  trembles  under 
the  violent  agitation  thus  produced,  a  roaring  flame  rushes 
Irom  the  mouth  of  the  vessel,  and  as  the  process  advances, 
it  changes  its   violet  colour  to  orange,  and  finally,  to  a 
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voluminous  pure  white  flame.  The  sparks,  which  at  first 
were  large,  like  those  of  ordinary  foundry  iron,  change  to 
small  hissing  points,  and  these  gradually  give  way  to  soft 
floating  specks  of  bluish  light,  as  the  state  of  malleable 
iron  is  approached.  There  is  no  eruption  of  cinder  as  in  the 
early  experiments,  although  it  is  formed  during  the  process; 
the  improved  shape  of  the  converter  causes  it  to  be  retained, 
and  it  not  only  adts  beneficially  on  the  metal,  but  it  helps  to 
confine  the  heat,  which  during  the  process  has  rapidly  risen 
from  the  comparatively  low  temperature  of  melted  pig-iron, 
to  one  vastly  greater  than  the  highest  known  welding  heat, 
by  which  malleable  iron  only  becomes  sufficiently  soft  to  be 
shaped  by  the  blows  of  the  hammer ;  but  here  it  becomes 
perfeAIy  fluid,  and  even  rises  so  much  above  the  melting 
point  as  to  admit  of  its  being  poured  from  the  converter  into 
a  founder's  ladle,  and  from  thence  to  be  transferred  to  several 
successive  moulds.  The  thin  shell  or  skull  of  the  ladle  ex- 
hibited shows  the  extreme  fluidity  of  the  metal,  and  also  how 
little  of  it  is  solidified  in  the  ladle  during  the  time  of  casting. 
"  The  oxygen  of  the  air  appears,  in  this  process,  first  to 
oxidise  the  silicon,  producing  silicic  acid,  and  next  to  seize 
the  carbon  which  is  eliminated,  while  the  silicic  acid,  uniting 
with  the  oxide  of  iron,  obtained  by  the  combustion  of  a 
small  quantity  of  metallic  iron,  thus  produces  a  duid  silicate 
of  the  oxide  of  iron,  or  cinder,  which  is  retained  in  the 
vessel,  and  assists  in  the  purification  of  the  metal.  The 
increase  of  temperature  which  the  metal  undergoes,  and 
which  seems  so  disproportionate  to  the  quantity  of  carbon 
and  iron  consumed,  is  doubtless  owing  to  the  favourable 
circumstances  under  which  combustion  takes  place.  There 
is  no  intercepting  material  to  absorb  the  heat  generated,  and 
to  prevent  its  being  taken  up  by  the  metal ;  for  heat  ia 
evolved  at  thousands  of  points  distributed  throughout  the 
fluid,  and  when  the  metal  boils,  the  whole  mass  rises  far 
above  its  natural  level,  forming  a  sort  of  spongy  froth,  with 
an  intensely  vivid  combustion  going  on  in  eveiy  one  of 
its  numberless  ever-changing  cavities.  Thus,  by  the  mere 
a£lion  of  the  blast,  a  temperature  is  obtained  in  the  largest 
masses  of  metal  in  lo  or  iz  minutes,  that  whole  days  of 
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exposnre    in  the    most    powerful    furnaces  would  fail  to 
produce. 

"  The  changes  in  the  colour  and  volume  of  the  fiame,  and 
the  kind  of  sparks  thrown  off,  afford  easy  modes  of  judging 
of  the  state  of  the  metal,  since  these  are  given  off  exteriorly, 
and  are  not  interfered  with  by  the  flame  of  the  fuel,  as  in 
the  puddling  furnace.  The  sound  which  the  metal  produces 
in  the  suspended  vessel  affords  also  a  good  indication  to  the 
workman.  Indeed,  few  processes  appeal  so  strongly  to  the 
external  senses.  All  mere  judgment  on  this  point  has,  how- 
ever, been  rendered  unnecessary,  by  the  more  certain  indica- 
tions of  an  apparatus,  which  registers  on  a  dial  the  exatA 
number  of  cubic  feet  of  air  passed  through  the  metal, 
whereby  the  precise  degree  of  hardness  of  the  steel  is  regu- 
lated at  pleasure ;  its  quality,  in  all  cases,  being  dependent 
on  the  quantity  of  air  passed  through  it — other  circumstances 
being  alike.  When,  therefore,  the  desired  quantity  of  air  has 
passed  through  the  metal,  the  vessel  is  turned  on  its  axis 
and  the  fluid  steel  is  poured  out.  It  is  then  received  in  the 
casting-ladle,  which  is  attached  to  the  arm  of  a  hydraulic 
crane,  so  as  to  be  brought  readily  over  the  moulds.  The 
ladle  IS  provided  with  a  fire-clay  plug  at  the  bottom,  the 
raising  of  which,  by  means  of  a  suitable  lever,  allows  the 
fluid  steel  to  descend  in  a  clear,  vertical  stream  into  the 
moulds.  As  soon  as  the  first  mould  is  filled,  the  plug  valve 
is  depressed,  and  the  metal  is  prevented  from  flowing  until 
the  casting  ladle  is  moved  over  the  next  mould,  when,  by 
raising  the  plug,  the  second  mould  is  filled  in  a  similar 
manner ;  and  so  on,  until  all  the  moulds  are  filled.  After 
the  discharge  of  the  vessel,  the  process  should  be  repeated 
without  delay,  since  the  temperature  of  the  interior  of  the 
vessel  is  greater  after  the  first  charge  than  it  was  before, 
and  consequently  it  is  in  better  condition  for  the  process. 
The  vessel  may  be  moved  on  its  axis  by  suitable  gearing, 
but  it  is  considered  preferable  to  use  hydraulic  pressure  to 
effedl  eveiy  movement  of  the  crane  and  of  the  vessel,  so 
that  when  operating  on  from  5  to  to  tons  at  a  single  chai^, 
the  director  of  the  process  can,  from  a  distant  point,  and 
with  his  own  hands,  effedl  every  movement  required,  by 
VOL.  III.  M 
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merely  working  the  handles  which  turn  on,  or  off,  the 
pressure  of  the  water.  He  has  also  charge  of  the  blast  cock, 
whilst  the  dial  for  registering  the  number  of  cubic  feet  of  air 
is  before  him ;  and  thus^  by  the  control  of  one  responsible 
man,  charges  of  several  tons  of  crude  cast-iron  may  be  con- 
verted into  malleable  iron,  or  into  steet,  in  a  few  minutes, 
and  be  cast  into  ingots  of  any  desired  form  and  weight, 
suitable  for  large  shafts,  or  for  rolling  into  rails,  merchant 
bars,  or  plates. 

"  In  the  early  part  of  this  paper,  it  was  shown  that  the 
process  of  puddling  unavoidably  introduces  into  the  metal 
more  or  less  cinder  and  other  mechanically  mixed  im- 
purities ;  also  that  the  different  degrees  of  refinement  and 
decarbonisation  of  the  numerous  lumps  of  metal  which 
compose  a  puddle  ball,  render  the  produdtion  of  a  homo- 
geneous mass  by  that  means  a  desideratum  not  yet  achieved. 
It  has  likewise  been  pointed  out  how,  in  the  working  of  the 
other  malleable  metals,  all  these  difficulties  are  avoided  by 
casting  the  metal  in  a  fluid  state  into  moulds.  Now,  this 
is  precisely  what  the  Bessemer  process  proposes  to  ac- 
complish— that  is,  to  bring  malleable  iron  or  steel  into  the 
same  category  with  the  other  malleable  metals,  and  by  its 
purification,  in  a  fluid  state,  to  avoid  the  diffusion  of  cinder 
throughout  the  mass  ;  so  that  when  cast  into  mgots  or  into 
a  single  homogeneous  mass  of  any  desired  form  or  size,  a 
metal  of  equal  hardness  in  every  part  may  be  produced, 
without  the  necessity  of  welding,  or  joining  of  separate 
pieces.  That  this  can  be  accomplished  is  shown  by  the 
specimens  exhibited.  The  iron  bars  of  3  inches  square 
which  have  been  bent  and  doubled  up  cold,  the  twisted  bars, 
and  the  collapsed  cylinders  which  do  not  split,  but  yield  like 
copper  to  the  blow  of  the  hammer,  prove  this.  If  assurance 
be  required  that  there  are  no  hard  ribs  or  sand-cracks,  the 
example  of  the  malleable  iron  gun,  or  the  iron  and  steel 
cylinders,  may  be  taken.  With  reference  to  the  tensile 
strength  of  iron  bars  or  boiler  plates  so  made  from  English 
coke  pig-iron,  the  careful  testing  of  plates  made  of  puddled 
iron,  according  to  Mr.  W.  Fairbaim,  has  given  an  average 
of  45,300  lbs.  per  square  inch    for  Staffordshire  plates. 
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45,000  lbs.  fdr  Derbyshire,  and  57,120  lbs.  for  Yorkshire 
plates.  Now  four  examples  of  the  Bessemer  iron  plate, 
tested  at  the  Royal  Arsenal,  Woolwich,  according  to  the 
report  of  Colonel  Eardley  Wilmot,  gave  an  average  of 
68,314  lbs.  or  63,591  lbs.  as  the  least,  and  73,100  lbs.  as  tbe 
highest  proof  for  boiler  plates  |  of  an  inch  in  thickness. 
Here,  then,  is  a  result,  showing  a  greater  amount  of  tensile 
strength  above  Low  Moor,  or  Bowling  iron  plates,  than 
those  plates  possess  above  the  ordinary  quality  of  Stafford- 
shire plates.  The  bending  of  the  plates  of  Bessemer  iron 
at  acute  angles  also  affords  a  strong  proof  of  the  extreme 
toughness  of  the  metal,  and  the  application  of  close  punching 
shows  the  perfedl  soundness  and  homogeneous  character  of 
the  plate. 

"  There  is  another  faiJl,  of  great  importance  in  a  com- 
mercial point  of  view,  which  must  not  be  overlooked.  In 
the  manufadlure  of  plates  for  boilers  and  for  ship  building, 
the  cost  of  produiflion  increases  considerably  with  the  in- 
crease of  weight  in  the  plate.  For  instance,  the  Low  Moor 
Iron  Company  demand  £Z2  per  ton  for  plates  weighing 
2^  cwts.  each,  but  if  the  weight  exceed  3  cwts.  the  price  per 
ton  rises  from  £zz  to  jf37.  Now  with  cast  ingots  such 
as  those  from  which  the  Bessemer  plates  are  made,  it  is  less 
expensive  and  less  wasteful  of  materials  to  make  plates  of 
from  10  cwts.  to  20  cwts.  than  to  produce  those  of  smaller 
sizes.  Indeed  there  can  be  tittle  doubt,  that  eventually 
large  plates  will  he  made  by  preference,  and  that  those  who 
want  small  plates  will  have  to  cut  them  from  the  large  ones. 
A  moment's  refleiflion  will,  therefore,  show  the  great 
economy  of  the  process  in  this  respeft,  and  when  it  is  re- 
membered that  every  riveted  joint  in  a  plate  reduces  the 
ultimate  strength  of  each  100  lbs.  to  63  lbs.;  the  great  value 
of  long  plates  for  girders  and  for  ship  building  will  be  fully 
appreciated." 

Thus  far  the  author  has  only  considered  the  manufacture 
of  iron  plates  of  a  definite  size  and  from  ingots  of  cast  metal, 
as  adopted  in  the  manufacture  of  copper  and  other  plates. 
Most  metals,  it  must  be  observed,  at  the  moment  of  losing 
their  fluidity,  lose  their  power  of  cohesion.  Malleable  iron, 
u  z 
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however,  passes  from  the  fluid  into  the  pasty  state,  in  which 
it  possesses  the  remarkable  and  peculiar  property  of  welding. 
Taking  advantage  of  this  well-known  peculiarity,  Mr. 
Bessemer  has  tried  the  experiment  of  manufacturing  iron, 
direct  from  the  fluid  metal,  into  endless  sheets,  in  a  manner 
analogous  to  that  by  which  paper  is  made  of  any  length. 
*'  In  Fig.  23,  sufficient  of  the  apparatus  is  shown  to  explain 

FiO  23. 


the  principle  on  which  it  is  construdled.  It  consists  of  two 
rollers  of  large  diameter,  placed  in  the  same  horizontal 
plane,  with  screws  to  regulate  their  distance  apart.  Water 
is  kept  constantly  passing  through  the  rolls,  and  from 
perforated  pipes  jets  of  water  are  projedled  upwards  against 
their  external  surfaces  in  order  to  keep  them  cool.  The 
rollers  are  provided  with  large  fianges,  or  with  suitable 
stops  at  their  ends,  so  as  to  form  the  space  between  the  rolls 
on  the  upper  side  into  a  kind  of  trough,  into  which  the  fiuid 
iron  is  allowed  to  flow  from  several  small  openings  formed 
in  a  line  along  the  lower  part  of  the  casting  ladle,  so  that 
the  rolls  form  what  may  be  considered  an  endless  mould, 
with  this  important  difference,  that  in  the  ordinary  cast-iron 
ingot  mould,  a  greater  or  less  quantity  of  air  bubbles  are 
formed,  and  the  mass,  when  cast,  is  in  the  ordinary  condition 
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of  cast  metal.  The  enonnous  pressure  exerted  t>etween  the 
rolls,  prevents  the  possibility  of  any  bubbles  or  cavities  being 
formed.  The  metal  solidifying  in  the  wider  part  of  the 
space  between  the  rolls,  is  subjeAed  to  great  pressure  and 
extension  in  passing  through  the  narrow  part,  which  the  high 
welding  heat  and  soft  state  of  the  metal  alone  renders 
possible.  The  apparatus  is  capable  of  producing  a  plate,  the 
length  of  which  is  limited  only  by  the  quantity  of  fluid  metal 
in  the  ladle.  For  example,  a  pair  of  rolls  3  feet  in  diameter 
and  3  feet  wide,  making  five  and  a  half  revolutions  per 
minute,  will  produce  in  z  minutes  a  plate  100  feet  long  by 
3  feet  wide,  and  |  of  an  inch  in  thickness,  weighing  2  tons. 
If  this  system  were  carried  into  praiftical  operation,  it  would 
be  possible  to  obtain  a  plate  of  this  size  of  tough  malleable 
iron  without  either  fuel  or  manipulation,  within  20  minutes 
after  the  crude  iron  had  left  the  blast  furnace.  This  mode 
of  making  plates  has  not  yet  been  tried  on  a  commercial 
scale ;  but  fluid  malleable  iron  has  been  poured  between  a 
pair  of  horizontal  rolls,  and  excellent  pieces  of  plate  iron 
have  thus  been  made,  which  will  bear  bending  and  doubling 
over  like  the  best  tin  plate,  thus  affording  all  the  evidence 
of  success  that  can  be  derived  from  a  small  experiment.  A 
piece  of  some  thin  sheets  so  made  with  rough  pieces  of  the 
thin  cast  metal  which  formed  the  skull  or  coating  of  the 
lateiior  of  the  casting  ladle,  and  which  solidified  during 
casting,  were  examined.  These  pieces  showed  clearly  the 
great  malleability  and  toughness  of  the  metal,  by  the  surface 
they  presented-when  cut  through  by  the  shears,  and  by  their 
iiolding  up  without  tearing  or  breaking.  On  examining  these 
pieces,  it  was  evident  that  such  metal  does  not  require  much 
rolling,  and  there  is  reason  to  hope  that  the  rolling  of  fluid 
iron  will,  on  a  large  scale,  produce  plates  of  tough  and 
perfeiftly  homogeneous  metal.  It  must  be  observed  that 
the  skull  of  the  ladle  and  the  other  scrap  made  In  the  process 
are  very  easily  worked  up.  Some  pieces,  cut  from  the  skull 
of  the  ladle  were  made  into  a  pile  at  Woolwich,  and  were 
drawn  down  under  the  hammer  at  one  heat,  to  a  bar  i  inch 
square ;  two  samples  of  this  bar,  when  tested,  gave  a  mean 
tensile  strength  of  75,897  lbs. 
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"  Iron  plates  demand  the  first  attention,  since  they,  at 
present,  form  the  staple  manufai5lure ;  but  it  will  be  under- 
stood that  there  is  no  difference  whatever  in  the  treatment 
of  crude  iron  by  the  Bessemer  process  for  producing  steel, 
except  that  the  blast  of  air  is  continued  for  a  shorter  period. 
The  loss  of  metal  is  also  about  8  per  cent  less  than  on  iron. 
It  is,  therefore,  highly  probable  that  the  cheaper  material — 
steel— will  ultimately  supersede  the  use  of  jrop,  since  the 
tensile  strength  of  steel  is  nearly  double,  and  its  elasticity  is 
much  greater  than  that  of  iron.  The  applicability  of  cast- 
steel  plates  to  the  construdlion  of  steam  boilers,  is  fully 
demonstrated  by  the  soft  cast-steel  manufactured  for  this 
purpose  by  Messrs.  Howell  and  Shortridge,  of  Sheffield.  It 
is  already  extensively  used  for  that  purpose,  and  the  extreme 
toughness  of  this  soft  cast-steel  is  shown  by  the  facility 
with  which  it  is  drawn  into  tubes ;  a  piece  of  one  of  these 
tubes  can  be  folded  up  at  one  end  hke  a  piece  of  paper.  It 
is  impossible  to  look  at  this  sample  of  tough  homogeneous 
steel  without  being  reminded  of  the  general,  but  very 
erroneous,  opinions  which  prevail  respedting  the  brittleness  of 
cast'Steel.  This  is  evidently  an  ancient  prejudice,  dating 
from  the  earliest  introdu<5tion  of  that  article,  when  iron  bars 
were  double  converted  in  order  that  the  cast-steel  made 
therefrom  might  be  more  easily  melted.  The  idea  of  its 
brittleness  has,  however,  still  clung  to  it  through  all  the 
successive  improvements  in  its  manufa<5ture. 

"  At  a  time  when  the  manufacture  of  ordnance  occupies  so 
large  a  share  of  public  attention,  it  may  be  interesting  briefly 
to  point  out  the  great  facility  which  the  Bessemer  process 
affords  of  forming  masses  both  of  malleable  iron  and  of  steel, 
of  a  size  suitable  for  the  heaviest  ordnance,  without  any 
welding  together  of  separate  slabs,  or  the  more  costly  mode 
of  building  up  the  gun  with  pieces  accurately  turned  and 
fitted  together.  Many  attempts  have  been  made  to  produce 
wrought-iron  ordnance,  and  this  objeft  has  been  successfully 
accomplished  in  the  case  of  the  large  gun  produced  at  the 
Mersey  forge.  But,  however  perfeft  this  one  gun  may  be, 
the  time  required  to  make  it,  and  its  immense  cost,  manifestly 
leave  it  still  a  desideratum  to  produce  guns  rapidly  and 
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cheaply,  of  a.  material  eqaal  to,  or  greater  in  tensile  strength, 
than  wrought-iron  ;  and,  if  possible,  free  from  the  liability 
which  that  material  has  to  flaws,  and  to  deterioration  during 
its  long  exposure  to  welding  heat.  It  is  believed  that  the 
Bessemer  process  supplies  this  desideratum,  for  masses  of 
cast-steel  can  be  produced  of  10  or  20  tons  in  weight  in  a 
single  piece,  and  two  or  three  such  pieces  may  be  con- 
veniently  made,  by  the  same  apparatus,  in  one  day.  The 
metal  so  made  may  be  either  soft-malleable  iron  or  soft  steel. 
Ordnance  may  also  be  cast  of  malleable  iron,  with  a  steel 
lining  or  core,  or  the  steel  lining  may  be  afterwards  fitted  to 
it,  so  as,  in  either  case,  to  obtain  in  the  compound  mass  the 
hardness  and  power  of  one  material  to  resist  abrasion,  and 
the  tenacity  inherent  in  the  other  material.  In  order  to 
show  the  extreme  toughness  of  such  iron,  an4  to  what  a 
strain  it  may  be  subjected  without  bursting,  several  cast 
and  hammered  cylinders  were  placed  cold  under  the  steam 
hammer,  aodwere  cnisheddown  without  the  least  appearance 
oftearingof  the  metal.  Now  these  cylinders  were  drawn  down 
from  a  round  cast-iron  ingot,  only  2  inches  larger  in  diameter 
than  the  finished  cylinder,  and  in  the  precise  manner  in 
which  a  gun  would  he  treated.  They  may,  therefore,  be 
considered  as  short  sections  of  an  ordinary  9-pounder  field- 
gun.  Iron  so  made  requires  very  little  forging ;  indeed  the 
mere  closing  of  the  pores  of  the  metal  seems  all  that  is 
necessary.  The  tensile  strength  of  the  samples,  as  tested 
at  the  Royal  Arsenal,  was  64,566  lbs.  per  square  inch,  while 
the  tensile  strength  of  pieces  cut  from  the  Mersey  gun  gave 
a  mean  of  50,624  lbs.,  longitudinally,  and  43,339  tbs.  across 
the  grain,  thus  showing  a  mean  of  17,550  lbs.  per  square 
inch  in  favour  of  the  Bessemer  iron. 

"  If  it  be  desired  to  produce  ordnance  by  merely  founding 
the  metal,  then  the  ordinary  casting  process  may  be  em- 
ployed, with  the  simple  difference  that  the  iron,  instead  of 
running  diredl  from  the  melting  furnace  into  the  mould,  must 
first  be  run  into  the  converting  vessel,  where,  in  from  zo  to 
.20  minutes,  it  will  become  steel  or  malleable  iron,  as  may  be 
desired,  and  the  casting  may  then  take  place  in  the  ordinary 
way. 
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"  The  conical  ingots  being  cast  in  iron  moulds,  the  great 
delay  of  moulding  in  loam  will  be  avoided,  and  as  the  iron 
moulds  may  be  removed  from  the  casting  pit  within  an  hour 
after  the  metal  has  been  poured  into  them,  the  tedious  in- 
terval of  three  days,  now  required  by  the  cast-iron  guns  before 
removal,  will  be  avoided,  thus  immensely  increasing  the 
capability  of  foundries.  If  it  be  assumed  that  these  advan- 
tages are  about  equal  to  the  cost  of  hammering  the  cast 
ingots,  then,  by  this  process,  it  wouid  be  prafticable  to  pro- 
duce guns  of  any  size  in  hammered  cast-steel  or  malleable 
iron  ready  for  the  boring  mill,  at  the  same  cost  as  the  cast- 
iron  guns  now  in  use,  but  if  the  weight  of  the  guns  be  reduced 
20  or  25  per  cent  in  consequence  of  their  superior  strength, 
then  an  actual  saving  in  that  proportion  will  be  effedted  in 
the  first  cost  of  every  gun  so  made.  These  facets  have  been 
laid  before  the  Government,  and  their  advantages  are  believed 
to  be  fully  appreciated  by  Colonel  Eardley  Wilmot,  the 
late  Superintendent  of  the  Royal  Gun  Fa^ories,  who  evinced 
a  great  interest  in  the  progress  of  the  invention  from  its 
earliest  date,  and  to  whose  kindness  the  author  is  indebted 
for  the  many  valuable  trials  of  the  tensile  strength  of  the 
various  samples  of  metal  that  have  been  submitted  for  in- 
vestigation." 

At  the  Birmingham  meeting  of  the  British  Association  for 
the  Advancement  of  Science  in  1865,  a  paper  was  read  on 
the  value  of  manganese  in  producing  a  superior  steel,  and 
the  discovery  of  its  value  in  the  Bessemer  process,  from  which 
we  give  the  following  extraft"  : — 

"  In  1839  the  trade  of  Shefiield  received  an  enormous  im- 
pulse from  the  invention  of  Josiah  Marshall  Heath,  who 
patented  in  this  country  the  employment  of  metallic  man- 
ganese, or,  as  he  called  it,  '  carburet  of  manganese.'  The 
addition  of  a  small  quantity  of  this  metal,  say  from  ^  to 
I  per  cent,  rendered  the  inferior  coke-made  irons  of  this 
country  available  for  making  cast-steel.  It  removed  from 
these  inferior  qualities  of  iron  their  red-shortness,  and  con- 
ferred on  the  cast-steel  so  made  the  property  of  welding  and 
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working  soundly  under  the  hammer.  This  invention  was  of 
immense  importance  to  the  town  of  Sheffield,  where  its  value 
was  at  once  appreciated.  Mr.  Heath,  supposing  himself 
secure  in  his  patent,  told  his  licensees  that  if  they  put  oxide 
of  manganese  and  coal  tar  or  other  carbonaceous  matter 
into  their  crucible  along  with  the  blister  steel,  that  it  would  do 
as  well,  and  be  much  cheaper  than  the  carburet  of  manganese 
be  was  selling  them.  In  effect  it  was  the  same  thing  ;  for 
before  the  steel  was  melted  the  carbon  present  reduced  the 
oxide  of  manganese  to  the  metallic  state,  so  that  his  patent 
carburet  of  manganese  was  formed  io  the  crucible  in  readi- 
ness to  unite  with  the  steel  as  soon  as  it  became  perfectly 
fused.  But  the  law  decided  that  this  was  not  Heath's  patent, 
and  so  the  good  people  of  Sheffield,  after  many  years'  of  liti- 
gation, were  allowed  to  use  it  without  remuneration  to  the 
inventor. 

"  Manganese  has  now  been  used  for  many  years  in  eveiy 
cast-steel  works  in  Europe.  It  matters  not  how  cast-steel 
is  made,  since  manganese  added  to  it  necessarily  produces 
the  same  beneficial  changes.  No  one  better  appreciated  this 
fidt  than  the  unfortunate  Mr.  Heath,  as  evidenced  by  his 
patent  of  1S59,  in  which  he  declares  that  his  invention  con- 
sists in  the  use  of  carburet  of  manganese  in  any  process 
whereby  iron  is  converted  into  cast-steel.  Had  Heath  seen 
in  bis  own  day  the  Bessemer  process  in  operation,  he  could 
not  have  said  morct  He  well  knew  the  efFedt  produced  by 
manganese  on  steel,  and,  therefore,  claimed  its  employment 
in  any  process  whereby  iron  is  converted  into  cast-steel. 

"  When  this  patent  of  Heath's  expired  and  became  public 
property,  coupled  with  the  universal  addition  of  manganese 
and  carbon  to  cast -steel,  it  would  naturally  be  supposed  that 
the  author,  in  common  with  the  rest  of  mankind,  would  have 
been  allowed  to  share  the  benefits  which  Heath's  invention 
bad  conferred  on  the  whole  community,  but  it  was  not  so. 

"  The  reading  of  the  author's  paper  at  Cheltenham  in 
1856  was,  by  the  powerful  agency  of  the  press,  communicated 
in  a  few  days  to  the  whole  country.  Great  expectations  of 
the  value  of  the  new  process  were  formed,  both  by  scientific 
and  praAical  men,  in  proof  of  which  it  may  be  stated  that 
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licenses  to  manufafture  malleable  iron  under  tlie  patent, 
were  purchased  by  iron-masters  to  the  extent  of  ^35,000 
in  less  than  twenty-five  days  from  the  reading  of  the 
Cheltenham  paper.  Great  excitement  existed  at  that 
moment  in  the  iron  trade,  and  many  persons  seemed  to  covet 
a  share  in  an  invention  that  promised  so  much.  There 
was,  consequently,  a  general  rush  to  the  patent  office,  each 
one  intent  on  securing  his  supposed  improvement.  It  was 
thought  scarcely  possible  that  the  original  inventor  should, 
at  the  very  outset,  have  secured  in  his  patents  all  that  was 
necessary  to  the  success  of  so  entirely  novel  a  system  ;  he 
must  surely  have  overlooked  or  forgotten  something,  perhaps 
even  left  out  all  mention  of  some  ordinary  appliance  too 
well  understood  to  really  need  mentioning ;  so  in  the  jostle 
and  hurry  to  secure  something,  any  point  on  which  a  future 
claim  could  be  reared  was  at  once  patented.  Some  of  these 
gentlemen  even  re-patented  portions  of  the  writer's  own 
patents,  while  others  patented  things  in  daily  use,  in  the  hope 
that  they  might  be  considered  new  when  added  to  the  pro- 
ducts of  the  new  process. 

"  Within  six  weeks  of  the  date  of  the  Cheltenham  paper, 
Various  patents  for  the  use  of  manganese,  in  the  manufaifture 
of  iron  and  steel  were  taken  out,  which,  at  the  expiration  of 
three  years,  however,  were  allowed  to  elapse  and  become 
public  property. 

"  The  author  has,  therefore,  used  without  scruple  any  of 
these  numerous  patents  for  manganese,  without  feeling  an 
overwhelming  sense  of  obligation  to  the  patentee. 

"  At  Mr.  Bessemer's  suggestion,  works  for  the  produiftion 
of  manganese  alloys  were  erefted  by  Mr.  Henderson  at 
Glasgow. 

"  The  mode  of  manufadlure  consisted  in  mixing  carbonate 
of  manganese  (a  substance  obtained  in  soda  works  as  one  of 
the  produ(5ts  of  the  manufafture  of  bleaching  powder)  with  an 
almost  equal  quantity  of  a  pure  calcined  iron  ore  drawn  from 
a  copper  works,  in  which  it  formed  a  kind  of  refuse.  Those 
copper  works  treat  a  kind  of  iron  and  copper  pyrites  from 
the  south  coast  of  Spain.    The  ore  is  first  calcined,  and  the 
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evolved  sulphurous  acid  used  for  the  produAion  of  sulphuric 
acid ;  the  residue  is  then  roasted  with  common  salt  and  ex- 
tracted by  means  of  hot  water,  thus  removing  the  copper  in 
a  dissolved  state,  and  oxide  of  iron  will  then  remain,  which 
is  said  to  be  purified  from  all  its  admixtures,  and  in  a  state 
of  mechanical  a^regation  which  malces  it  very  suitable  for 
redudtion.  This  oxide  of  iron  now,  together  with. carbonate 
of  manganese,  is  mixed  with  charcoal  powder  or  coke  dust, 
and  heated  in  crucibles  in  the  Siemens's  furnace. 

"  The  manufatflure  of  this  ferro-manganese  has  at  present 
been  given  up  again. 

"  Mr.  PHeger,  of  Prussia,  has  likewise  manufaAured 
ferro-manganese  by  heating  mixtures  of  pyrolusite,  charcoal, 
and  finely  divided  scrap-iron  in  crucibles  from  30  to  50  lbs. 
weight  to  a  white  heat.  The  alloys  contain  from  66  to  80 
per  cent  of  manganese. 

"  The  Bessemer  steel*  is  in  no  case  more  important  than 
in  the  construction  of  ships,  for  in  no  instance  are  strength 
and  lightness  more  essential. 

"  The  Bessemer  cast-steel  made  for  ships'  plates  by  the 
several  eminent  firms  now  engaged  in  that  manufacture,  is 
of  an  extremely  tough  and  duCtile  quality,  while  it  possesses 
a  degree  of  strength  about  double  that  of  the  inferior  kind 
of  iron  plates  usually  employed  in  shipbuilding ;  hence  it  is 
found  that  a  much  less  weight  of  material  may  be  employed, 
and,  at  the  same  time,  a  greater  degree  of  strength  may  be 
given  to  all  parts  subjected  to  heavy  strains. 

"  Most  prominent  among  the  builders  of  steel  ships  is  the 
finn  of  Jones,  Quiggin,  and  Co.,  Liverpool,  who  have  now 
constructed  no  less  than  31.510  tons  of  shipping,  wholly  or 
partially  built  of  steel.  Of  these,  thirty-eight  vessels  are 
propelled  by  steam,  with  an  aggregate  of  5910  horse-power; 
besides  this,  the  principal  masts  and  spars  of  eighteen 
sailing  ships  have  been  made  by  them  wholly  of  steel. 

"Vessels  of  a  large  size,  constructed  to  Class  A  i,  twelve 
years  at  Lloyd's,  weigh,  when  built  of  iron,  about  12  cwts.  per 
ton  measurement,  whereas  similar  vessels  built  of  steel  weigh 
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only  about  7  cwts.  per  ton  measurement ;  thus  an  iron  ship^ 
to  take  first  class  at  Lloyd's  for  1000  tons  measurement, 
would  weigh  250  tons  more  than  a  steel  one  of  the  same 
class.  Such  a  vessel  could,  therefore,  take  250  tons  or  25  per 
cent  more  freight  at  the  same  cost,  and  could  avail  herself 
of  the  difference  of  immersion  to  leave  or  enter  port  when 
the  tide  would  not  permit  an  iron  vessel  to  do  so.  As  a 
steamer  she  would  carry  250  tons  more  of  coal,  and  thus 
be  enabled  to  lengthen  her  voyage  or  take  her  coal  for  the 
return  trip.  The  two  steel  paddle-wheel  steamers  which 
were  built  at  Liverpool  by  the  Messrs.  Jones  &  Co.,  for  the 
Dublin  and  Liverpool  service,  will  draw  from  3  to  4  feet  less 
water  than  iron  steamers  built  on  the  same  lines,  and  being 
thus  enabled  to  leave  port  at  all  states  of  the  tide,  will  not 
require  a  tidal  train  in  connection  with  them.  If  the  em- 
ployment of  steel  for  the  construction  of  merchant  vessels 
is  found  to  be  so  important,  how  much  more  so  is  it  for  ships 
of  war.  Some  of  the  larger  class  of  armour  plated  vessels 
require  6000  tons  of  iron  for  their  construi5tion,  and  an  addi- 
tion of  1800  tons  in  the  shape  of  4^-inch  armour  plates. 
Now,  if  the  frames  and  inner  skin  of  such  a  vessel  were  con- 
struifted  of  steel,  it  would  be  much  stronger  even  if  reduced 
to  4000  tons  in  weight ;  this  would  admit  of  9-inch  armour 
plates  being  used  in  lieu  of  4^-inch,  and  would  still  leave  the 
vessel  200  tons  lighter  than  the  present  ones,  and  hence,  as 
the  resistance  of  the  armour  to  imparl,  is  as  the  square  of  the 
thickness  of  the  plate,  we  should  have  a  vessel  capable  of 
resisting  four  times  the  force  of  those  at  present  construifled, 
while  it  would  be  200  tons  less  in  weight. 

"  The  application  of  steel  for  projectiles  has  now  become 
a  necessity  since  the  introduction  of  armour  plates.  We  have 
now  used  no  lbs.  shot,  and  these  have  passed  with  veiy  slight 
injury  through  a  5-incb  armour  plate.  Specimens  of  bent 
angle  iron,  made  of  Bessemer  iron,  and  rolled  at  the  Millwall 
Iron  Works,  in  London,  and  from  the  same  works  a  portion 
of  one  of  Hughes's  patent  hollow-steel  beams,  for  supporting 
the  armour  plating  in  course  of  construction  for  the  forts  at 
Cronstadt,  are  interesting  examples  of  what  the  rolling  mills 
of  the  present  day  can  effeCt,  and  of  the  facility  with  which 
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cast  malleable  iron  and  cast^steel  admit  of  being  worked 
into  the  most  difficult  fonns. 

"  There  is  no  department  of  engineering  in  which  the 
pecniiar  toughness  of  steel  and  its  strength  and  power  of 
resisting  wear  and  abrasion  are  of  such  vital  importance  as 
in  the  application  to  railway  purposes.  This  fa£l  had  long 
since  impressed  itself  strongly  on  the  mind  of  Mr.  Rams- 
bottom,  of  the  London  and  North  Western  Railway,  who 
commenced  experiments  with  this  material  in  1861,  carefully 
though  trustingly,  he  tried  it  step  by  step,  not  even  at  first 
venturing  to  employ  it  for  passenger  trains,  but  as  proofs  of 
its  safety  and  economy  crowded  upon  him,  he  carefully, 
applied  it  to  the  most  important  parts  of  passenger  engines, 
and  even  to  the  manufaAure  of  the  formidable  engine  cranks 
(at  that  time  entrusted  only  to  the  most  eminent  iron-making 
firms  in  the  kingdom) ;  these  iron  cranks  are  now  being  re- 
placed by  steel  ones  forged  from  a  single  mass.  One  of  these 
steel  cranks,  manufactured  at  the  new  steel  works  at  Crewe, 
was  regarded  as  a  remarkably  good  illustration  of  the  use  of 
steel  for  this  purpose;  that  gentleman  has  also  taken  out  of 
use  a  plain  steel  axle  that  has  run  a  distance  of  222,516  miles 
and  now  exhibits  very  slight  signs  of  wear. 

"  The  tires  of  wheels,  on  which  so  much  of  the  public  safe^ 
depends,  were  then  tried,  but  the  exa£l  amount  of  difference 
between  the  endurance  of  wrought-iron  and  Bessemer  steel 
for  this  purpose,  is  not  yet  ascertained,  as  none  of  these  steel 
tires  are  yet  worn  out,  but  enough  has  been  shown  to  prove 
the  advantE^e  of  entirely  replacing  iron  by  steel  for  this 
purpose. 

"  In  order  to  show  how  a  steel  tire  will  resist  the  most 
violent  attempts  to  produce  fracture,  an  example  is  given  of 
a  steel  tire  manufai^ured  by  Messrs.  Bessemer  and  Co.,  of 
Sheffield;  it  was  placed  on  edge  under  a  6-ton  steam  hammer 
and  subjected  to  a  series  of  powerful  blows  until  it  assumed 
its  present  form — that  of  a  figure  of  eight,  a  degree  of  violence 
immensely  more  than  it  could  ever  be  subjected  to  in  practice. 
These  tires  are  made  without  weld  or  joint  by  forging  them 
&om  a  square  ingot,  partly  underthe  improved  plan  invented 
by  Mr.  Ramsbottom,  and  partly  by  an  improved  mode  of 
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flanging  and  rolling,  invented  by  Mr.  Allen,  of  the  Bessemer 
Steel  Works,  Sheffield. 

"  So  important  were  found  to  be  the  advantages  of  em- 
ploying cast-steel  as  a  substitute  for  wrought-iron  at  the 
works  of  the  London  and  North-Western  Railway  Company, 
that  the  directors,  atfting  under  the  advice  of  their  able 
engineer,  determined  on  building  a  large  steel  works  at 
Crewe,  which  is  now  in  active  and  successful  operation.  In 
the  design  and  arrangement  of  their  plant  for  working  up 
the  steel,  several  important  improvements  have  been  intro- 
duced by  Mr.  Ramsbottom — amongothershisduplexhammer, 
which  strikes  a  bloom  on  both  sides  of  the  ingot  at  once  in 
a  horizontal  direftion,  and  thus  renders  unnecessary  the 
enormous  foundations  required  for  ordinary  hammers. 
Here,  also,  he  has  put  up  his  improved  rolling  mill  for 
rolling  blooms  of  large  size,  the  enormous  machine  being 
reversed  with  the  greatest  rapidity  and  ease  by  the  attendant, 
without  any  shock  or  concussion  whatever. 

"  While  matters  were  thus  steadily  progressing  in  the 
engine  department  of  the  company,  the  engineer  of  the 
permanent  way,  Mr.  Woodhouae,  took  in  hand  a  thorough 
investigation  of  a  no  less  important  problem,  viz.,  the  substi- 
tution of  cast-steel  for  wrought-iron  railway  bars.  For  this 
purpose  some  500  tons  of  rails  were  made  and  put  down  at 
various  stations  where  the  trafBc  was  considerable,  so  as  to 
arrive,  at  the  earliest  period,  at  a  true  comparison  of  the 
respective  endurance  of  wrought-iron  and  cast-iron  steel 
rails.  It  will  be  unnecessary  to  enter  into  the  numerous 
details  of  the  extensive  series  of  experiments  systematically 
carried  out  by  Mr.  Woodhouse ;  the  trials  made  at  Camden 
Town  wilt  suffice  to  show  the  extraordinary  enduranceof  steel 
rails.  It  is  supposed  that  there  is  not  one  spot  on  any 
railway  in  Europe  where  the  amount  of  traffic  equals  that 
at  the  Chalk-farm  bridge  at  Camden  Town.  At  this  spot 
there  is  a  narrow  throat  in  the  line,  from  which  convei^es 
the  whole  system  of  rails  employed  at  the  London  termini 
of  this  great  railway.  Here  all  passenger,  goods,  and  coal 
traffic  have  to  pass ;  here,  also,  the  making-up  of  trains  and 
hunting  of  carriages  is  continually  going  on.     At  this 
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particular  spot  two  steel  rails  were  fixed  on  May  2nd,  1862,  on 
one  side  of  the  line,  and  two  new  iron  rails  were  on  the 
same  day  placed  precisely  opposite  to  them,  so  that  no 
engine  or  cuiiage  could  pass  over  the  iron  rails  without 
passing  over  the  steel  ones  also.  When  the  iron  rails 
became  too  much  worn  to  be  any  longer  safe  for  the  passage 
of  trains,  they  were  turned  the  other  way  upwards,  and  when 
the  second  side  of  the  iron  rails  were  worn  as  far  as  the 
safety  of  the  traffic  would  allow,  the  worn-out  rail  was  re- 
placed by  a  new  iron  one — the  same  process  being  repeated 
as  often  as  was  found  necessary.  Thus  we  find,  at  the  date 
of  the  report  on  March  ist,  1865,  that  seven  raits  bad  been 
entirely  worn  out  on  both  faces.  Since  then  another  rail 
has  been  worn  out  up  to  July,  making  sixteen  faces  worn 
out,  the  seventeenth  face  being  in  use  on  August  22nd,  when 
the  steel  rail  that  had  been  placed  opposite  to  them  was 
taken  up.  The  first  face  of  the  rail  only  has  been  used,  and 
this  has  now  become  much  thinner  than  it  was  originally, 
but,  in  the  opinion  of  the  platelayers,  is  still  capable  of 
wearing  out  another  half  dozen  fa.ces.  Taking  its  resisting 
powers  at  three  more  faces  only,  it  vrill  show  an  endurance 
of  twenty  to  one  in  favour  of  steel. 

*'  Mr.  Woodhouse  has  ascertained,  by  careful  and  con- 
tinued testing  for  24  hours  at  a  time,  that  an  average  of 
8082  engine  tenders  or  carriages  pass  over  the  steel  rails 
every  24  hours,  equal  to  16,164  wheels  everyday  for  1207 
days,  making  a  total  of  9.754)974  wheels  passed  over  the 
rail.  Subject  to  this  excessive  wear,  the  rail  appears  to 
have  been  reduced  7^  lbs.  per  yard ;  hence  for  every  grain 
in  weight  of  steel  lost  by  abrasion,  no  less  than  371  wheels 
had  to  pass  over  it.  Another  steel  rail,  put  down  also  in 
May  Z862,  at  a  place  much  less  subject  to  wear,  has  had 
four  faces  of  iron  rails  worn  out  opposite  to  it,  and  still 
appears  as  if  very  little  used.  An  iron  rail  wears  out  by 
giving  way  at  various  parts  of  the  imperfectly  welded  mass, 
and  not  by  the  gradual  loss  of  particles  of  metal,  as  in  the 
case  of  the  steel  rail,  which  no  amount  of  wear  and  tear 
seems  capable  of  disjointing.  It  must  be  home  in  mind  that 
this  enormous  endurance  of  cast-steel  is  not  owing  to  its' 
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hardness  orbrittlenesa,  as  some  have  supposed,  for,  in  fail, 
Bessemer  steel  possesses  an  extreme  degree  of  toughness. 
To  prove  this,  one  of  the  same  quality  of  steel  rails  having 
been  attached  at  one  end  to  the  main  driving  shaft  of  a 
steam  engine  so  as  to  twist  it  while  cold  into  a  long  spiral, 
measuring  9  feet  in  length  at  the  top  and  bottom,  and  only 
6  feet  if  measured  along  the  centre  of  the  web.  This 
behaviour  of  the  rail  will  dispel  any  idea  of  brittleness  that 
may  have  been  entertained." 

HBATON'S  PROCESS. 

Heaton's  process  differs  from  Bessemer's  ia  that  it  employs 
nitrate  of  soda  as  the  oxidising  argent  instead  of  atmospheric 
air,  and  that  it  treats  impure  pig-iron  as  well  as  the  purer 
kinds  of  pig,  while  Bessemer's  process  is  exclusively  confined 
to  the  latter.  It  furthermore  produces  steel  and  wrought- 
iron  in  a  pasty  state,  as  is  done  in  the  puddling  process, 
whilst  Bessemer's  process  yields  steel  and  wrought-iron  in  a 
thinly  liquid  state,  which  circumstances  give  it  a  decided 
advantage  over  that  of  Heaton.  Both  processes  aim  at  the 
conversion  of  large  masses  at  a  time. 

Mr,  Heaton  affirms  that,  for  the  following  reasons,  his  pro- 
cess possesses  an  advantage  of  several  pounds  sterling  per 
ton  over  any  other : — 

1.  It  deals  with  the  cheapest  raw  material. 

2.  It  produces  steel  direct  from  pig-iron. 

3.  Wbereas  the  plant  necessary  for  the  production  of  steel 
and  wrought-iron  by  other  processes  is  enormously  expen- 
sive, steel  is  produced  by  his  patented  process  at  an  ex- 
ceedingly low  cost,  and  with  an  insignificant  outlay  of 
capital.  The  cost  of  the  necessary  plant,  including  patent 
converting  apparatus,  capable  of  producing  from  a  series  of 
four  converters  80  tons  of  crude  steel  per  12  hours,  is  under 

;flOOO. 

4.  The  cost  of  maintenance  of  the  plant  is  very  trivial. 

5.  The  waste  of  metal  in  conversion  is  reduced  greatly 
below  that  of  any  other  known  process.  The  slag  produced 
may  be  utilised  on  the  works,  and  forms  the  subject  of  a  new 
and  valuable  patent. 
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6.  The  process  being  chemical  and  not  mechanical,  the 
labour  and  expenditure  involved  in  the  carrying  out  of  the 
puddling  process  are  entirely  dispensed  with. 

7.  The  process  of  conversion  is  simple,  rapid,  and  certain, 
the  conversion  of  pig-iron  into  steel  being  effected  in  a  few 
minutes. 

8.  The  results  obtained  are  remarkable  for  theiruniformity. 
Dr.  Robert  Mallet,  F.R.S.,  in  his  preliminaiy  report  saya 

that  "  Heaton's  patent  process  constitutes,  both  with  respefl 
of  economy  of  produdtion  and  utilisation  of  inferior  pig-iron, 
one  of  those  metallurgic  advances  which  leave  their  mark 
indelibly  on  great  national  industries." 

We  do  not  hesitate  to  endorse  Dr.  Mallet's  judgment, 
although,  at  the  same  time,  we  do  not  fail  to  apprehend  the 
great  difficulties  which  Heaton's  patent  process  will  still 
have  to  overcome,  and  although  we  are  able,  at  present,  to 
judge  only  from  experiments,  and  not  from  a  produftion 
carried  on  on  a  large  scale. 

Heaton's  process  has  been  brought  before  the  public  only 
a  short  time,  and  it  has  been  received  with  the  same  distrust 
which  Bessemer's  process  met  with  on  its  first  introdudlton, 
although  the  latter  is  now  universally  acknowledged  to  be  a  de- 
cided and  confirmed  success.  Mr.  Bessemer  confesses  himself 
that  at  the  time  when  he  first  submitted  his  process  to  the 
British  Association  at  Cheltenham  in  1856,  it  was  in  such 
an  early  stage  of  development,  as  to  require  much  labour 
and  great  expenditure  of  time  and  money  in  order  to  yield 
commercial  results,  and  that  the  important  system  of  manu- 
fafture  to  which  it  gave  rise,  would,  to  this  hour,  have  been 
wholly  unknown  if  the  paper  at  Cheltenham  had  not  been 
read.  Mr.  Bessemer  then  developed  the  process  in  his  steel 
works  at  Sheffield,  which  he  erected  for  the  purpose,  and  he 
was  greatly  assisted  in  his  endeavours  by  the  scientific  in- 
vestigations on  the  conduct  of  the  process  which  were  made 
at  Edsken  in  Sweden. 

Heaton's  process  also  requires  similar  development,  and 
as  it  is  based  on  sound  scientific  principles,  it  can  hardly 
fail  to  meet  with  corresponding  success.  The  Bessemer 
process  has,  in  one  point,  fallen  short  of  the  expectations 
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formed  of  it,  namely,  that  it  cannot  replace  the  puddling 
process ;  this  we  expe(5t  Heaton's  process  will  do,  though,  on 
the  other  hand,  the  latter  when  carried  on  with  impure  pig- 
iron  -will  not,  perhaps,  admit  of  the  produiflion  of  the  superior 
sorts  of  tool  steel. 

Heaton's  process  is  carried  on  in  apparatus  which  are 
represented  in  Figs.  24  to  30  of  Heaton's  steel  plant  of 
Langley  lAill  Steel  and  Iron  Works,  near  Nottingham. 

Fig.  24. 
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Fig.  24  is  a  side  view  of  the  apparatus,  showing  also  a 
vertical  section  of  one-half  of  the  cupola.  Fig.  25  is  a  front 
view,  and  the  same  letters  refer  to  the  same  parts  in  both 

Fig.  25. 
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views.  Figs.  26,  27,  2S,  and  29  show  different  parts  of  the 
apparatus  in  plan.  The  cupola  furnaces,  A,  A,  in  which  the 
metal  is  melted  are  constructed  with  a  high  chimney  stalk  at 
their  top.      The  chimney  causes  draught  to   supply  the 

FiQ.  26. 


furnace  with  air  through  the  tuyeres,  p,  p,  and  this  adtion  is 
somewhat  similar  to  that  of  the  Woodward  cupola,  where 
the  draught  is  caused  by  a  steam  jet.    o  is  the  opening 

Fio.  27. 


through  which  the  cupola  is  chai^d  with  metal  and  coke 
from  a  platform  with  an  inclined  tramway  leading  to  it. 
E,  B  are  the  converters  into  which  the  melted  lead  is  run 


direft  from  the  cupola,  and  from  which  the  melted  crude 
steel  may  be  transferred  into  the  reverberatory  furnace.  The 
converter,  a  section  of  which  is  shown  in  Fig.  30,  is  nearly 

Fig.  29. 


a  cylindrical  cupola,  lined  with  4}^-inch  fire>brick,  the  shell 
of  boiler  plate,  and  surmounted  by  a  plate-iron  conical  cap 
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and  narrower  cylindrical  flue  provided  with  means  for  the 
escape  of  the  gases.  The  converter  may  be  supposed  to  be 
cut  horizoDtally  in  two  parts  at  about  one  and  a  half  diameters 

FiQ.  30. 


in  height,  the  bottom  part  being  rendered  movable  and 
capable  of  being  withdrawn  on  wheels  without  disturbance 
to  the  supports,  &c.,  of  the  remaining  upper  portions  of  the 
converter.     Provision  is  made  for  the  temporary  attachment 
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of  the  two  parts  by  clamps  and  cotters.  At  one  side  of  the 
fixed  cylindrical  part  of  the  converter,  a  sort  of  hopper  with 
a  loosely  hinged  iron  plate  cover  is  provided,  which  com- 
municates  with  the  cavity  within. 

The  lower  part  or  "  converting  pot "  has  a  cylindrical 
cavity  with  a  flat  bottom,  and  with  the  sides  near  the  top 
edge  sloping  inwards  to  a  cone  all  round.  The  cavity,  up 
to  the  level  of  the  lower  edge  of  this  cone,  is  prepared  to 
hold  just  the  bulk  of  crude  nitrate  of  soda  required  for  the 
volume  of  liquid  iron  to  be  operated  on,  and  for  the  iron 
when  converted ;  the  converting  pot  is  lined  with  fire-brick 
and  refractory  clay.  When  the  crude  nitrate  is  filled  in  and 
levelled  up  to  the  narrow  part  of  the  conical  lining,  or  a 
little  beyond  it,  the  perforated  cast-iron  plate  is  simply  laid 
upon  its  levelled  surface  and  worked  round  a  little,  until  its 
edges  bed  firmly  into  and  upon  the  clay  lining.  In  this  state, 
the  converting  pot  is  carried  in  under  the  upper  part  of  the 
converter,  clamped  up  to  it,  and  the  whole  is  now  ready  for 
work. 

Fig.  26  is  a  horizontal  se(5tion  of  the  movable  bottom  of  a 
converter,  showing  the  fire-brick^lining,  a,  a. 

Fig.  27  shows  a  perforated  metal  plate  which  is  placed 
upon  the  nitrate  of  Boda.  Fig.  28  is  a  horizontal  section  of 
a  converter,  showing  the  perforated  plate  in  position.  Fig.  29 
is  a  sectional  plan  of  a  converter  showing  the  cramps,  c,  c, 
&c.,  for  holding  the  converting  pot  up  to  the  cylinder  of  the 
converter  whilst  the  process  is  going  on  ;  these  cramps  are 
shown  also  in  Figs.  24  and  25.  D  in  Figs.  24  and  25  is  a 
steam  boiler,  heated  with  the  waste  heatfrom  the  reverbera- 
tory  furnace.  ^ 

Professor  Miller,  Dr.  Mallet,  and  Mr.  Kirkaldy  have  pub- 
lished reports  of  the  conduCl  of  Heaton's  process  and  its 
results. 

Professor  Miller's  preliminary  report  describes  the  process 
thus : — 

"  On  the  occasion  of  our  (namely,  his  and  Dr.  Mallet's) 
visit  to  the  works  of  I^angley  Mill,  on  the  loth  of  July,  i858, 
6^  cwts.  of  Clay  Lane  pig.  No.  4,  were  charged  into  a  hot 
cupola  which  contained  no  other  iron ;  and  immediately 
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6^cwts.  of  Stanton  forge  pig,  No.  4  (produced  from  a-3rd8  of 
Northamptonshire  brown  ore,  i-6th  of  Chesterfield  clay  ore. 
and  i-6th  of  puddling  cinder)  was  added,  and  the  whole, 
when  melted,  was  drawn  off  into  a  ladle,  from  which  it  was 
transferred  to  the  converter. 

"  The  *  converter '  is  a  wrought-iron  pot,  lined  with  fire- 
clay. In  the  bottom  of  it  was  introduced  a  mixture  of 
169  lbs.  of  crude  nitrate  of  soda,  40  lbs.  of  siliceous  sand, 
and  20  lbs.  of  air-slaked  lime ;  but  these  proportions  in 
prance  are  varied  considerably.  On  the  top  of  this  mixture 
a  cast-iron  perforated  plate,  weighing  95  lbs.,  was  placed. 
The  converter  was  then  securely  attached  to  the  open 
mouth  of  a  sheet-iron  chimney,  and  the  melted  iron  from 
the  cupola  (sample  of  this  marked  No.  4)  was  poured  in. 

"  In  about  2  minutes  a  reaction  commenced ;  at  first  a 
moderate  quantity  of  brown  nitrous  fumes  escaped,  these 
were  followed  by  copious  blackish,  then  grey,  then  whitish 
fomcs,  produced  by  the  escape  of  steam  carrying  with  it,  in 
suspension,  a  portion  of  the  flux.  After  the  lapse  of  5  or  6 
minutes,  an  intense  deflagration  occurred,  attended  with  a 
loud  roaring  noise  and  a  burst  of  a  brilliant  yellow  flame 
from  the  top  of  the  chimney.  This  lasted  for  about  a 
minute  and  a  half,  and  subsided  as  rapidly  as  it  commenced. 
When  all  had  become  tranquil,  the  converter  was  detached 
from  the  chimney,  and  its  contents  were  emptied  upon  the 
iron  pavement  of  the  foundry. 

"  The  crude  steel  was  in  a  pasty  state,  and  the  slag  fluid ; 
the  cast-iron  perforated  plate  had  become  melted  up  and 
incorporated  with  the  charge  of  molten  metal. 

"  The  slag  had  a  glassy,  blebby  appearance,  and  a  black 
or  dark  green  colour  in  mass. 

"  A  mass  of  crude  steel  from  the  converter  was  then  sub- 
jedtcd  to  the  hammer  (No.  7). 

"  About  44-  cwts.  of  the  crude  steel  were  transferred  to  an 
empty,  but  hot  reverberatory  furnace,  where,  in  about  an 
hour's  time,  it  was  raised  to  a  welding  heat,  and  forged  into 
four  blooms  under  the  steam  hammer,  then  rolled  into 
square  billets,  which  were  cut  up,  re-heated,  and  rolled  into 
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finished  bars,  varying  in  thickness  from  i  inch  to  f  of  an 
inch  (No.  8). 

"  Three  or  four  cwts.  of  the  crude  steel  from  the  converter 
were  transferred  to  a  re-heating  furnace,  then  hammered 
into  flat  cakes,  which,  when  cold,  were  broken  up  and  sorted 
by  hand  for  the  steel  melter  (No.  9). 

"  Two  fire-clay  pots,  charged  with  a  little  clean  sand,  were 
heated,  and  into  each  42  lbs.  of  the  cake  steel  were  charged. 
In  about  6  hours  the  melted  metal  was  cast  into  an  ingot 
(10  B). 

"  Two  other  similar  pots  were  charged  with  35  lbs.  of 

the  same  cake  steel,  7  lbs.  of  scrap  iron,  and  i  oz.  of  oxide 

of  manganese.    These,  also,  were  poured  into  ingots  (to  C). 

"  The  steel,  10  B  and  10  C,  was  subsequently  tilted,  but 

was  softer  than  was  anticipated. 

"  These  results,  on  the  whole,  are  to  be  considered  rather 
as  experimental  than  as  average  working  samples. 

"  I  have,  therefore,  made  an  examination  of  the  following 
samples  only : — 

No.  4.— Crude  cupola  pig. 
„    7. — Hammered  crude  steel, 
„    8. — Rolled  steely  iron. 
,,    5. — Slag  from  the  converter. 
"  I  shall  first  give  the  results  of  my  analysis  of  the  three 
samples  of  metal : — 

Cupola  Fig.  Crude  Sted.    Steel  Iron. 
No.  4.  (7)-  (8). 

Carbon 2*830  i-8oo  0-993 

Silicon,    with    a    little 

titanium 2*950  0-266  0-149 

Sulphur o'ii3  o'orS  traces 

Phosphorus     ....  i"453  0-298  0-292 

Arsenic 0-041  0-039  0-024 

Manganese 0'3l8  0^090  0-088 

Calcium —  0-319  0-310 

Sodium —  0'i44  traces 

Iron  (by  difference)  .    .  92-293  97-026  98-I44 

lOQ-OOO   lOO-QOO   lOQ-OOO 

"  It  will  be  obvious  from  a  comparison  of  these  results 
that  the  reaftion  with  the  nitrate  of  soda  has  removed  a 
large  proportion  of  the  carbon,  silicon  and  phosphorus,  as 
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well  as  most  of  the  sulphur.  The  quantity  of  phosphorus 
(0*298  per  cent)  retained  by  the  sample  of  crude  steel  from 
the  converter  which  I  analysed,  is  obviously  not  such  as  to 
injure  the  quality. 

"  The  bar-iron  (No.  9)  was,  in  our  presence,  subjected  to 
many  severe  tests.  It  was  bent  and  hammered  sharply 
round  without  cracking.  It  was  forged  and  subjected  to  a 
similar  trial,  both  at  a  cherry  red  and  at  a  clear  yellow  heat, 
without  cracking ;  it  also  welded  satisfa45torily. 

"  The  removal  of  the  silicon  is,  also,  a  marked  result  of 
the  adlion  of  the  nitrate. 

"  It  is  obvious  that  the  practical  point  to  be  attended  to, 
is  to  procure  results  which  shall  be  uniform,  so  as  to  give  stee! 
of  uniform  quality  when  pig  of  a  similar  composition  is  sub- 
jected to  the  process.  The  experiments  of  Mr.  Kirkaldy  on 
the  tensile  strength  of  various  specimens,  afford  strong 
evidence  that  such  uniformity  is  attainable. 

"  I  have  not  thought  it  necessary  to  make  a  complete 
analysis  of  the  slag,  but  have  determined  the  quantity  of 
sand,  silica,  phosphoric  and  sulphuric  acid,  as  well  as  the 
amount  of  iron  it  contains.  It  was  less  soluble  in  water 
than  I  had  been  led  to  expeift,  and  it  has  not  deliquesced, 
though  left  in  a  paper  parcel. 

"  I  found  that  of  100  parts  of  finely-powdered  slag,  ii'9 
were  soluble  in  water.  The  following  was  the  result  of  my 
analysis : — 

Sand 47*3 

Silica  in  combination 6-1 

Phosphoric  acid 6*8 

Sulphuric  acid I'l 

Iron  (a  good  deal  of  it  as  metal)     .     I2'6 
Soda  and  lime 26'i 

lOQ-Q 

"  The  result  shows  that  a  large  proportion  of  phosphorus 
is  extrafted  by  the  oxidising  influence  of  the  nitrate,  and 
that  a  certain  amount  of  the  iron  is  mechanically  diffused 
through  the  slag. 

"  The  proportion  of  slag  to  the  yield  of  crude  steel  was 
not  ascertained  by  direct  experiment,  but,  calculating  from 
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the  materials  employed,  its  maximum  amount  coutd  not 
have  exceeded  23  per  cent  of  the  weight  of  the  chaise  of 
molten  metal.  Consequently,  the  12*6  per  cent  of  iron  in 
the  slag  could  not  be  more  than  3  per  cent  of  the  iron 
operated  on. 

"  In  conclusion,  I  have  no  hesitation  in  stating  that 
Heaton's  process  is  based  upon  correA  chemical  principles. 
The  mode  of  attaining  the  result  is  both  simple  and  rapid. 
The  nitric  acid  of  the  nitrate  in  this  operation  imparts  oxy 
gen  to  the  impurities  always  present  in  cast-iron,  converting 
them  into  compounds  which  combine  with  the  sodium,  and 
these  are  removed  with  the  sodium  in  the  slag.  This  action 
of  the  sodium  is  one  of  the  peculiar  features  of  the  process, 
and  gives  it  an  advantage  over  the  oxidising  methods  in 
common  use." 

The  following  is  Dr.  Mallet's  opinion  of  the  reality  and 
commercial  value  of  Heaton's  process : — 

"  This  process  for  converting  crude  pig-iron  into  wrought- 
iron  and  into  steel,  by  the  employment  of  nitrate  of  soda, 
in  Heaton's  patent  converter,  has  been  repeated  at  Langley 
Mills  many  times,  in  my  presence.  I  have  examined 
minutely  into  its  details  as  applicable  in  practice  on  a  large 
scale,  and  its  results ;  and  I  have  also  considered  the 
chemical  researches  made  as  to  the  materials  used  and  pro- 
ducts obtained,  by  Professor  Miller,  of  King's  College,  and 
I  have  been  present  at  experiments,  conduifled  by  Mr.  David 
Kirkaldy,  at  his  Testing  Works,  at  Southwark,  as  to  the 
physical  qualities  of  the  produdts  which  were  obtained  by 
this  process,  in  my  own  presence,  at  Langley  Mills.  In 
view  of  all  the  fa6ts  that  have  come  before  me,  I  can  affirm 
the  following  as  truths  established  beyond  question  : — 

"ist.  That  Heaton's  patent  process  of  conversion  by 
means  of  nitrate  of  soda,  is  at  all  points  in  perfect  accord 
with  metallurgic  theory.  That  it  can  be  conduifled  upon 
the  great  scale  with  perfeifl  safety,  uniformity,  and  facility, 
and  that  it  yields  produdts  of  very  high  commercial  value. 

"  2nd.  That  in  point  of  manufacturing  economy  or  cost  it 
can  compete   with  advant^e  against  every  other  known 
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process  for  the  produ£lioa  of  wrougbt-iron  and  steel  firom 
pig-iroD. 

"3rd.  Amongst  its  strong  points,  however,  apart  from 
and  over  and  above  any  mere  economy  in  the  cost  of  pro- 
duction, are  these  : — It  enables  first-class  wrought-iron,  and 
excellent  steel  to  be  produced  hrom  coarse,  low-priced  brands 
of  crude  pig-irons,  rich  in  phosphorus  and  sulphur,  from 
which  no  other  known  process,  not  even  Bessemer's,  enables 
steel  of  commercial  value  to  be  produced  at  all,  norwrought- 
iron,  except  such  as  is  more  or  less  either  '  cold-short '  or 
'red-short.'  Thus,  wrought-iron  and  cast-steel  of  very  high 
qualities  have  been  produced,  in  my  presence,  from  Cleve- 
land and  Northamptonshire  pig-irons  rich  in  phosphorus 
and  sulphur,  and  every  iron-master,  I  presume,  knows  that 
first-class  wrou^t-iroa  has  not  previously  been  produced 
from  pig-iron  of  either  of  these  districts,  nor  marketable 
steel  from  them  at  all. 

"  Heaton's  process  presents,  therefore,  an  almost  measure- 
less future  field  in  extending  the  manufedture  of  high  class 
wrought-iron  and  excellent  steel  into  the  Cleveland  and 
other  great  iron  distridls,  as  yet  precluded  from  the  produc- 
tion of  such  materials  by  the  inferior  nature  of  their  raw 
products.  It  admits  of  the  steel  manufacture  also  being 
extended  into  districts  and  countries  where  fuel  is  so  scarce 
and  dear  that  it  is  otherwise  impossible. 

"  I  cannot,  in  this  brief  communication,  point  out  the 
prospects  which  the  employment  of  this  system  presents,  of 
greatly  diminishing  the  existing  waste  of  material,  fiiel,  time, 
and  wages,  in  the  puddling  process,  and  of  lessening  diffi- 
culties in  relation  to  labour  questions  which  beset  that  pro- 
cess, injuriously  to  the  British  iron  trade.  Nor  can  I 
adequately  point  out  the  large  reduction  in  the  original 
outlay  for  plant,  which  this  system  admits  of  as  compared 
with  any  other  for  equal  annual  out -put  of  iron  and  steel. 

"  Dr.  Miller  has  proved,  incontrovertibly,  that  the  Heaton 
process  does  eliminate  from  the  crude  pig-iron  almost  the 
whole  of  the  phosphorus  and  sulphur,  the  trace  remaining 
being  unobjectionable  in  the  wrought-iron  and  steel  pro- 
duced, even  when  they  have  been  made  from  the  pig-irons 
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known  to  be  the  richest  in  these  injurious  constituents  oF 
any  make  in  Great  Britain. 

"  The  wrought-iron  made  in  my  presence  from  Cleveland 
and  Northampton  pigs,  and  tested  for  tensile  resistance  also 
before  me,  bore  a  rupturing  strain  of  23  tons  per  square 
inch,  and  an  elongation  of  nearly  ^  of  the  original  unit 
in  length.  It  is  therefore  iron  of  great  strength  and  tough- 
ness, and  yet  probably  by  no  means  the  vety  best  that  this 
process  is  capable  of  producing  hereafter.  It  possesses 
those  qualities  which  best  fit  iron  for  artillery,  armour  plates, 
and  iron  ships  or  boilers. 

"  The  tilted  cast-steel  also  made  in  my  presence,  from  the 
very  same  pig-irons  as  the  above,  bore  a  tensile  strength  at 
rupture  of  above  42  tons  per  square  inch  with  an  elongation 
of  i-i2th  of  the  linit  of  length.  It  is,  therefore,  a  remarkably 
tough  and  fine  quality  of  steel,  well  suited  for  rails,  ship- 
building, and  all  other  struAural  uses.  In  a  word,  steel 
suited  for  any  purpose  known  to  the  arts,  can  be  produced 
by  this  system  from  very  inferior  brands  of  pig-iron,  from 
such  as  by  no  other  known  process  could  serviceable  steel 
be  made  at  all." 

Mr.  Kirkaldy  has  tested  not  only  the  bars  of  steel  and 
steel-iron  made  in  the  presence  of  Dr.  Miller  and  Dr.  Mallet, 
but  a  number  of  other  bars  made  by  Heaton's  process  from 
different  brands  of  pig-iron.  The  results  of  these  experi- 
ments are  given  in  the  following  tables  : — 


.  Hammered  caat-iteel— made  in 
in  the  prcBence  of  Messrs. 
Miller  and  Mallet.  Aver- 
age of  5  sample*      . .     . . 

.  Ditto — made  boia  13  cwta. 
QUugamcck  Pig,  No.  a 
(Scotch).     Average  of  a 


954'4    4a-S      9-3      7"7    gnwulai. 


99>*8i    44-4     le-g 


,;.  Google 


HBATON'S  PROCESS. 


i8g 


DiicumoH. 


Si   |S 

il    5 


totu.       p^       p.c. 


Arerage  of  a  samplea 

}.  Humnered  cait-atcel — made  of 
7  cwtt.  of  Workington  Pig, 
no.  I,  aiul6cwts.  atSlan- 
ton  PoTgi  Pig.  No.  4, 
muted  in  the  capola  in  tbe 


84.877    3r8      y,      V    {^^ 


■oal  way.    ATCTage  of  3 
unples     9a.96i 


4.  Ditto — made  from  B  charge  of  13 

cwts.  of  Roitnd  Oak  Fig- 
iron  only ;  tbe  quantity  of 
nitrate  of  (oda  nied  iraa 
10  p.c.  Average  of  6 
(ample  bars  (077  x  0-78} 

5.  Ditto — made  from  a  dutrge  of 

13  cwta.  ol Btitfrrltg Iron, 
whfa  10  p.c.  of  nitrate  of 
•oda;  8  ban  were  made 
from  the  calcei  melted  in 
tbe  cmcible,  and  tilted 
into  4  ban  of  i  inch  and 

iban  of  i  inch  square. 
magt  of  4  ban  of  1  in. 

Average  of  4  bars  i  inch 

6.  Ditto — made  from  a  chaige  of 

13  cwts.  of  Dowlait  Iron 
(No.  a),  with  10  p.c  of 
nitrate  of  soda  ;  8  ban 
were  made  from  the  cakes 
melted  in  the  cmcible,  and 
tilted  in  4  ban  of  1  inch 
and  4  ban  of  {  Inch 
sqnare.  Average  of  4 
ban  (  inch  sqnai 
Average  of  4  oai 

7.  Ktto — made  bom  a  charge  of 

13  cwts.  of  Donlait  Pig- 
iron  [No.  3),  wttb  10  p.c 
of  nitrate  of  ioda ;  ii  ban 
wen  made  from  cakes 
melted  in  the  crucible, 
and  tilted  into  4  ban  of  i 
inch,  <  inch,  and  1  inch 
w^oaie.  Avenge  of  4ban 
I  inch  sqaare : 


(weaken  of  the 
3  sample  ban 
WM  75  p*. 
sUky). 


3-5    granalar. 
1-6    ditto. 


95.470    4*'6      3'» 


»,875    SO'4      r^     ^3    graanUr. 
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Hi       U  13 
1  ■       ^    a^ 


II 


Avenga  of  4  ban  t  incb 


_^ 91,096    407      »"9       I'"    gTinuIar. 

Averaec  of  4  bars  i  inch 

■quare       79.480    35-5      a-o      08    diito. 

8.  Hammered  cait-ateel — mado 
from  a  charge  of  13  cw«. 
of  liiddUilro'  (No.  4) 
Porgi  Pig-iron,  with  10 
p.c.  of  nitrate  of  Boda ;  13 
ban  were  made  from  cakes 
melted  in  the  cruciUe, 
and  tilted  into  4  ban  of 
I  Inch,  i  incli,  and  k  inch 

i^nan.  Average  of  4  ban  (mnnlar 

linchtqnwe 119,699    53-4    >8-3    «o-3   }^nii„). 

Average  of  4  ban  |  inch 

«qnare       99.938    447      j-8      4'a    ditto. 

Average  of  4  ban  i  inch 

aqnan       96<7i3    43'S      5'S     4'4    ^'tto- 

g.  IKttO-^nade  from  pure  Wori- 

ingttm      Httmatit*    Pig- 
iron,  with  7I  p.c.  of  m- 

irate  of  loda ;  6  ban  i  in. 

•qaore  made  ai  the  other 

ban  before  teited.    Aver- 
age of  the  G  ban      ..     ..   108,489    48*4      5'8      37    giannlar. 
10.  Ditto — made  from  White  Forge 

Pig,  produced  from  oolite 

ore  at  the  works  of  Baron 

d'Adeliwird,  at  Longvy, 

Moselle,    France.      The 

charges  of  nitrate  of  aods 

were  as  under. 
No.  I. 
Longwy  White  Fo^e 

Pig 14    a    o 

Perforated  plate.  Clay 


Nitrate  of  soda  ..     .. 
No.  11. 

Longwy  White  Forge 

Pig 

Perforated  plate.  Clay 

Nitrate  of  soda  ..     .. 
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No.  Ill, 
Longwy  White  Forge 

Pig 14    a    o 

Perlbrated  plate,  Clajr 


Nitnte  of  sods  . 


Leogwy  White   Forge 

Rg 

Pedbimted  ^ate,  Clay 


NUnteofioda  ..  .,  i  o  i| 
llhaiaoti  inchcait'tteel 
nen  made  ftojn  No.  3 
an4  No.  3  chargei.  Aver- 
■geofeban 116,339    sro      6-3      40    {f™f^, 

Anrageofeban   ..     ,.  110,864    49-5    30'i     ij-5   iFannlM 
II.  C«t..teel,    hamraeied.   m»]e  Iwidtilky. 

from  3  charge*  of  Grey 

Ponndiy  Iran,  prodoced 

U  the  work*  of  H.  de 

Wendel  and  Co.,  at  Hay 

Mge,    Motelle,    France, 

btm   oolhe  ore,   similar 

to  the  Nonliamptoiulilr« 

ore,  with  cfaareea  of  ni- 
trate of  soda  m  the  fill- 

lowing  proportiooa : — 
No.  I. 
Haj 


Nitrate  of  aoda  ..     . 
No.  n. 


FfmngB  GreyFoondrr 
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Pi       |l 


No.  III. 
Havuige  Qny  Fonndry 


Nitrate  of  soda  . .  '    3    4 

The  ateel  ban  were  made 
aa  before  itated.  Average 
of  4  bara  i  inch  square  . . 


ii4.i»3    S^V      5'6      3'' 


Average  of  4  bara  i  inch 

Average  of  4  ban  ]  inch 

«l>">rc      84,740    378 

at-iteel,  hammered,  made 
from  a  charge  of  i  j  cvn», 
of  white  forge  pig  pn>- 
ddced  from  oolite  ore  at 
tbe  trorka  of  Baron 
d'Adelsw&rd,  at  Longwy, 
France,  treated  wiUi  i 
cwt.  35  Ibi.  of  nitrate  of 
Boda.  The  6  bars  of  steel 
were  made  from  cakea 
melted  in  the  crucible, 
and  tilted  into  1  inch 
aqnare  ban.  Average  of 
the6bara 109,951    4g'i 


,590    503      5-6     35 


ditto, 
ditto. 


granalar. 


Rolled  steel  iron  produced  from  the  same  kinds  of  pig-iron 
as  the  above-named,  for  the  production  of  cast-steel,  bore  a 
rupturing  strain  of  from  20-5  to  23*6  tons,  and  a  contraAton 
of  area  of  from  14*2  to  49*6  per  cent,  and  an  extension  of 
from  6*1  to  28*3  per  cent.  Hammered  steel  iron  of  the  same 
kind  bore  a  rupturing  strain  of  from  20"8  to  24"5  tons,  a 
contra<5lion  of  area  of  from  23*1  to  42*3  per  cent,  and  an  ex- 
tension of  from  ii'3  to  23*6  per  cent. 

The  following  are  the  results  of  experiments  on  the  tensile 
strength  of  various  other  kinds  of  iron  and  steel  of  known 
charafter  made  by  Mr.  Kirkaldy,  and  which  we  give  here 
for  the  sake  of  comparison  : — 
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Mkui  Bkhuoho  Comtkactioh 

Nuns.  VfmmBT  or  Akia. 

PBB  BquAUi  men. 

Toaa.  Per  cent. 

a.  SUel. 
Turtoa's   cast-steel    for   tools 

(forged) 59*3  47 

Jowitt's    double    shear    steel 

(forged) 5a-g  19-6 

Bessemer's  patent  steel  for  tools 

(foiled) 49-8  22'3 

Wilkinsons'a      blister      steel 

(forged) 46'fi  21*4 

Krupp's    cast-steel    for    bolts 

(rolled) 4I-I  ^'o 

Jowitt's  spring  steel  (foiged)   .        32'4  84*1 

Mersey    Company's    pud(Ued 

steel  (foi^d) 31-9  35*3 

Blockairn puddled  steel  (for^)        28*0  li'9 

6.  Wrought-iron  {round  and 
square  bars), 
Yorkshire  Low  Moor ; 

„        Bowling     ....{>     27*5  49-8 

„        Famley . 
Lanarkshire  o  Govan  O     .    ,'      26'o  49"4 

Lancashire  best  rivet     .    .    ,        24*0  48*0 

Staffordshire  charcoal  (4)   .    .        25*6  60*9 

„         BB  scrap  .    .    .        26*5  52-0 

Durham  Best  Best    ....        23*9  18*3 

Ditto 22'6  iiV 

South  Wales 18*5  9*8 

When  comparing  these  results  with  those  obtained  with 
Heaton's  steel  and  iron,  it  will  be  seen  that  Heaton's  pro* 
du^  are  somewhat  harder,  as  the  contraction  of  area  is 
generally  greatest  with  the  toughest  and  softest  kinds.  But, 
OD  the  whole,  the  experiments  before  us  are  satisfa<ftory  if 
we  consider  that  Heaton's  sample  bars  have  been  made  ex- 
perimentally only,  and  are  consequently  at  a  disadvantage 
with  those  of  a  regular  manufai5ture,  and  if  we  take  into 
consideration  that  other  circumstances  may  influence  the 
tensile  strength  of  steel  (page  16). 

Professor  Miller  has  analysed  the  sUd-iron,  whose  tensile 
strength  has  been  ascertained  by  Mr.  Kirkaldy  to  be  23  tons 
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per  square  inch,  a  statement  by  no  means  contraditfloiy  to 
the  composition  of  the  iron  as  shown  by  the  analysis.  We 
much  regret  that  Professor  Miller  has  not  also  made  an 
analysis  of  the  hammered  cast-steel,  whose  tensile  strength  was 
found  by  Mr.  Kirkaldy  to  be  43  tons  per  square  inch. 

These  bars  of  cast-steel  are  thus  described  in  Dr.  Mallet's 
certificate  of  identification  : — 

"I  certify  that  certain  round  rolled  bars  of  Heaton'a 
patent  steel-iron,  marked  and  numbered,  and  also  certain 
bars  of  rolled  cast-steel  and  square  bars  of  tilted  cast-steel,  also 
marked  and  numbered,  were  made  on  the  loth  of  July,  1868, 
at  Langley  Mills  Steel  Works,  by  Mr.  Heaton's  patent 
process,  in  my  presence,  and  in  that  of  Dr.  Miller  (except 
in  so  far  as  that  Dr.  Miller,  through  illness,  was  unable  to 
wait  for  <Ae  'pouring'  and  tilting.  Si:.,  of  the  cast-steel),  thzt 
the  whole  were  made  from  a  mixture  of  equal  weights  of  Clay 
Lane  No.  4  (Cleveland's)  pig-iron,  and  of  Stanton  (BBB  pig) 
Northamptonshire  iron  treated  in  Heaton's  patent  converter, 
and  that  the  above  bars  of  steel-iron  and  cast-steel  were 
forwarded  thence,  in  cases  under  my  seal,  to  Mr.  Kirkaldy's 
Testing  Works,  London.  That  I  there  identified  the  said 
bars  when  taken  out  of  the  case  in  my  presence,  and  that 
certain  of  those  bars  were  tested  before  me  as  to  the  breaking 
strain  and  amount  of  elongation  by  Mr.  Kirkaldy,  and  that 
the  results  of  such  testings  ard  those  referred  to  in  my 
'  Preliminary  Report-' " 

These  bars,  therefore,  most  probably  belong  to  the  steel 
which  Professor  Miller's  preliminaiy  report  designates  as 
ID  B  or  10  C,  or  the  bars  were  perhaps  taken  from  both 
kinds ;  neither  of  them  has  been  analysed,  although  this 
appears  to  be  absolutely  required  to  clear  up  the  doubt  still 
hanging  over  Heaton's  cast-steel,  concerning  its  proportion 
of  phosphorus.  In  the  controversy  on  the  value  of  Heaton's 
process,  which  has  been  carried  on  for  some  time  in  different 
periodicals  and  newspapers,  Professor  Miller's  analysis  of 
the  crude  steel  has  been  taken  as  a  basis  for  judging  the 
hammered  cast-steel,  which  undoubtedly  has  a  different 
composition  and  less  impurities  than  the  original  crude  steel. 
We  perfeftly  coincide  with  the  opinion  that  part  of  the 
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impurities  are  contained  in  the  crude  steel  as  intermized  or 
disseminated  slag,  and  it  remains  to  be  proved  how  bi  these 
impurities,  especially  phosphorus,  have  been  eliminated  by 
the  subsequent  treatment  of  crude  steel  as  described  by 
Drs.  Miller  and  Mallet. 

The  elimination  of  phosphorus  is  said  to  be  one  of  the 
striking  features  of  Heaton's  process,  but  Professor  Miller's 
analyses  would  appear  to  show  that,  on  this  special  point, 
Heaton's  process  has  no  advantage  over  the  common 
puddling  process. 

According  to  Professor  Miller's  analyses,  the  pig-iron  em- 
ployed contained  1*455  P^''  ^o'  o'^  phosphorus,  which 
proportion  was  reduced  in  the  crude  steel  to  0*298  per  cent, 
and  in  the  steel-iron  to  0*292. 

Results  with  regard  to  the  elimination  of  phosphorus  by 
the  puddling  process  are  given  on  pages  833  and  842  of  our 
second  volume. 

Id  Ure's  "  Didlionary  of  Arts  and  Mines,"  ii.,  726,  the 
following  illustrations  are  quoted : — 

Pig  iron    ....    3*030  per  cent  of  phosphorus 
Puddled  bar  .     .    .    0*838      „  „ 

Rough  down  bar     .    0*572      „  „ 

The  finished  bar  was  cold-short  in  the  highest  degree. 

Phoiphoma.     ManganeM. 


Pig-iroD       containing 

2*60 

7*20 

Puddled  bar 

0*30} 

0"20/ 

Ditto                   „ 

0*30 

Finished  bar       „ 

O'll 

The  finished  bar  exhibited  none  of  the  cold-short  quality ; 
it  was  exceedingly  ductile;  indeed,  excellent  horse-shoes 
were  made  from  it. 

Another  question,  important  to  Heaton's  process,  is  to 
know  the  exadl  proportion  of  phosphorus  that  wrought-iron 
and  steel  may  safely  contain  without  being  injured  in  their 
physical  properties ;  and  we  are  soriy  to  state  that  that 
proportion  requires  further  investigation,  although  no  re- 
search can  ever  lead  to  the  determination  of  a  definite 
amount,  for  the  following  reason  ; — Iron  containing  phos- 
phorus, takes,  upon  cooling,  a  crystalline  texture,  and  thus 
o  2 
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becomes  brittle  or  cold-short ;  but  if  forged  immediately 
after  heating,  the  ciystalline  texture  and  the  cold-shortness 
will  be  lessened,  and  the  more  so  the  longer  the  iron  is  under 
the  hammer. 

The  influence  of  proper  treatment  is  confirmed  by  what 
Dr.  Percy  relates  of  the  Low  Moor  iron.  It  is  not  alone 
the  noxious  ingredients  (phosphorus  and  sulphur)  which  the 
materials  may  or  may  not  contain,  which  ensure  the  pro- 
duction of  a  superior  iron,  but,  to  a  certain  extent,  the  care 
devoted  to  the  different  manipulations,  a  faA  plainly  proved 
by  the  Low  Moor  iron,  produced  from  iron  ores  not  less 
contaminated  than  those  of  many  other  iron  distrii5ls.  The 
following  analysis  of  an  experimental  armour-plate,  manu- 
fadtured  by  the  Low  Moor  Company,  has  been  made  in  Dr. 
Percy's  laboratory  by  Mr.  Tookey  (Percy's  "  Metallurgy,"  ii., 
735:— 

Carbon ,  o'Oi6 

Silicon o'i22 

Manganese 0*280 

Nickel :     distinct  traces 

Cobalt „  „ 

Sulphur 0'io4 

Phosphorus o'io6 

Iron  (by  difference)  ....  99'372 

The  opinion  of  different  investigators  on  the'  influence  of 
phosphorus  upon  wrought-iron  and  steel  are  recorded  on 
pages  30,  no  and  114,  and  on  pages  306  and  691  in  vol.  ii. 
We  have  already  shown,  by  analyses,  that  the  results  of 
Heaton's  process  with  regard  to  the  elimination  of  foreign 
matters  are  similar  to  those  of  the  puddling  process ;  this 
roost  probably  is  the  case,  as  the  wrought-iron  in  both  cases 
is  produced  in  a  pasty  state,  differing  from  the  Bessemer 
process,  which  yields  the  wrought-iron  in  a  liquid  state. 

Mr.  KIrkaldy's  experiments  classify  the  one  produdt  of 
Heaton's  process  under  wrought-iron,  and  the  other  under 
steel,  as  the  former  breaks  at  a  burden  of  23  tons  per 
square  inch,  and  the  latter  at  43  tons,  which  is  perfei5tly 
comformable  with  experience. 

The  following  is  a  detailed  statement  of  the  aAual  cost 
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per  ton  of  making  steel  and  steel-iron,  or  wrought-iron,  by 
Heaton's  patent  process,  at  Langley  Mill  Steel  Works  : — 

I. — Converting. 

£    *'    *• 

Pig,  present  pnce 300 

Coke 013 

Melting  and  converting,  wages O    a    6 

Kitrate  of  soda 140 

Waste  in  pig  C.  10  per  cent 060 

Expenses  on  cupola  and  converter  (wear  and  tear)  006 

Laboorage,  engine,  oil,  &c 004 

C<kA  of  rough  or  ball  steel A  '4    7 

Add  10  per  cent  for  management    ....      095 

iC5    4    o 

2. — SUdfrom  Patent  Furnace  in  Ingots  {Estimated  Expense). 

Rough  or  ball  steel  (i) 4  14    7 

Removiag  to  furnace  while  hot,  including  crane .  006 

Coal  (at  6s.  per  ton) 060 

Wages. 060 

Expense  of  ingot  moulds 006 

Wear  and  tear  of  furnace    ........  010 

Waste 050 

Cost  of  ingots £5  ^3    7 

Add  10  per  cent  for  management   ....      o  11    5 

£6    5    o 

3. — Making  into  Steel  Rails. 

Ingot  from  patent  furnace  (2) 5  ^3    7 

Blooming 050 

Coal 046 

Removing  blooms  to  fumace 006 

Rolling  and  heating 060 

Sawing,  straightening,  and  punching    ....  030 

Expenses,  to  fumacemea 010 

Cost  of  steel  rails £"6  13    7 

Add  lo  per  cent  for  management   ....      o  13    5 

£770 
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4. — Making  into  Cakes.  £  s.    i 

Rough  orball  steel  (i) 414 

Heating 02 

Stamping 01 

Coals o    ^ 

Breaking  and  removing 

Incidental  expenses 

Cost  of  cakes ^5 

Add  ID  per  cent  for  management    . 


5. — Melting /or  Ingots. 

Steel  cake  (4) 

Melting,  including  cokes,  crucible,  and  wa 


Cost  of  cast-steel  ingots  .    .    . 
Add  10  per  cent  for  management 


6.— Tilting. 
Ingots  for  best  cast-steel  (5) 
Coals  for  furnace 
Engine  men  .  . 
Coals  to  boiler  . 
Cogging-down  . 
Finishing.     .     . 


Cost  of  best  bar-steel,  "  tilted 
Add  10  per  cent  for  management 


0 

2 

6 

" 

0 

6 

a 

I 

0 

10 

II 

£5_ 

15 

0 

5 

I 

5 

10 

0 

r.^o 

14 

I 

I 

II 

£11  16    o 
10  14     I 

050 
050 


£H    5    7 
I    9    5 


£15  13 

7.— Ingots  to  Mill.  -^-^ 

Ingots  (5) 10  14 

Furnace  coal 05 

Rolling 08 

Heating 04 

Cogging-down,  coals,  &c 15 

Engine  men,  grease,  oil,  &c 0    z 

Stock  takers 02 


Cost  of  best  bar-steel,  "  rolled  "    . 
Add  10  per  cent  for  management    . 


•£^3    o    7 


£14    6    7 
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6.—Sted-Iro».  £  s.    d. 

Rough,  or  ball  steel  (i) 4  14    7 

Balling 060 

Blooming 016 

Re-heating 016 

Extra  heating  and  hammering. 009 

Mill  furnace  men oao 

Rolling 040 

Stock  takers 020 

Coals 040 

Waste ozo 


Cost  of  steel-iron £5  18 

Add  10  per  cent  for  management    ....      on 


£6  10    o 

The   Uchatiua  Steel  Process. 

M.  Uchatius,  an  Austrian  officer,  is  the  inventor  of  this 
steel  process,  which  was  first  brought  under  public  notice  at 
the  Paris  Exhibition  in  1855.  By  this  method,  steel  is  pro- 
duced  direA,  by  mixing  granulated  cast-iron  with  iron  ore 
and  brown-stone  in  crucibles.  White  radiated  pig-iron  is 
usually  employed.  For  the  purpose  of  granulating  the  pig, 
about  35  kilos,  are  fused  in  plumbago  crucibles,  which  are 
heated  with  coke,  and  the  fused  metal  is  poured  out  through 
a  broom.  Rostaing  employs  centrifugal  power  for  dividing 
the  liquid  pig-iron.  The  granulated  pig  is  then  mixed  with 
a  certain  quantity  of  iron  ore  and  brown-stone,  and  more  or 
less  wrought-iron  is  added,  according  to  the  degree  of  soft- 
ness required'  for  the  steel.  Hard  steel,  for  example,  is 
produced  from  a  mixture  of  1000  parts  of  pig-iron,  250  of 
sparry  iron  ore,  and  15  of  brown-stone  ;  and  soft  steel,  from 
a  mixture  of  1000  of  pig-iron,  250  of  sparry  iron  ore,  15  of 
brown-stone,  and  200  of  wrought-iron  ;  the  mixture  is  fused 
in  plumbago  crucibles  0*4  metre  high,  and  o*i6  metre  wide, 
of  a  capacity  of  14  or  15  kilos.  Coke  is  employed  as  fuel, 
and  the  fusion  is  effected  in  an  air  furnace,  in  from  if  to 
2^  hours.  After  having  removed  the  slag,  the  steel  is  cast  ' 
into  a  mould,  and  the  ingots  are  drawn  out  under  hammers, 
being  re-heated  several  times. 
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The  resulting  steel  is  chiefly  used  as  fool  steel. 

When  oxide  of  iron,  formed  by  heating  granulated  pig-iron 
in  a  reverheratory  furnace,  is  employed  instead  of  iron  ore, 
the  crucibles  are  less  attacked. 

Uchatius's  process  has  been  tried  experimentally  at 
Sollingerhtttte,  near  Uslar,  in  Hanover,  but  a  less  unifonn 
and  inferior  steel  resulted  than  from  the  method  of  pro- 
ducing cast-steel  from  blister  steel.  The  steel  contained 
sulphur  and  silicon,  and  its  produftton  requires  more  coke 
and  crucibles.  Owing  to  (I^e  addition  of  oxide  of  iron,  the 
crucible  yielded  only  f  of  the  quantity  of  steel  which  is  pro* 
duced  in  the  common  cast-steel  process,  whilst  the  same 
time  was  occupied  in  pielting,  and  consequently  the  con- 
sumption of  coke  in  both  processes  stands  in  the  proportion 
of  4  :  3.  The  slag  attacks  the  crucibles  so  much  that  they 
can  only  be  used  once. 

The  Uchatius  process  has  been  in  constant  operation  for 
about  ten  years  in  Wykmannshyttan  in  Sweden,  and  the 
marked  success  which  has  there  attended  it  may  be  ascribed 
to  the  great  purity  of  the  ore  which  is  mixed  with  the  iron, 
belonging  as  it  does  to  the  purest  and  richest  kind  of  mag- 
netic ore.  The  steel  produced  is  very  tenacious  and  uniform 
in  grain,  and  is  used  exclusively  by  the  Royal  Mint  in 
Stockholm  for  dies  of  coining  presses,  polished  rolls,  &c. 
It  is  sold  at  Gefle  mostly  in  the  form  of  bar  steej  of  small 
dimensions,  at  a  price  of  fronj  308.  to  35s.  per  cwt. 

The  Obvchpw  Steel  Process. 

Pure  white  charcoal  pig-iron  is  re-melted  in  a  cupola 
furnace,  and  run  into  a  large  clay  crucible,  previously  heated 
to  white  heat,  and  already  containing  malleable  iron  and 
steel  scraps,  magnetic  iron  ore,  titaniferous  black  sand  and 
clay,  or  arsenious  acid  and  magnetic  iron  ore  alone;  the 
crucible  is  then  heated  until  the  contents  are  perfeftly  fluid, 
and  the  remaining  ingredients,  namely,  arsenious  acid  and 
saltpetre,  are  added,  the  whole  being  well  stirred. 

The  steel  is  cast  in  vertical  cast-iron  moulds.  The  ingots 
are  cooled  down  to  red  heat,  and  tilted  under  hammers. 
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Obuchow  produces  by  his  method  twenty-two  different 
sorts  of  steel,  ranging  from  the  softest  kind  up  to  the  very 
hardest  tool  steel.  The  steel  is  principally  used  in  the 
jnanufaAure  of  cannons,  guns,  &c. 

The  proportion  in  which  the  ingredients  are  mixed,  exerts 
an  essential  inBuence  on  the  quality  of  the  steel. 

The  following  are  analyses  of  Obuchow's  cannon  steel, 
made  by  Chodnew : — 

a.  6. 

Iron 9876  9875 

Carbon  (combined).    .      ro2  It-2« 

Carbon  (graphitic) .    .      0*15  |      ^ 

Silicon 0*04  trace 

C.  ProduAion  of  Steel  by  Fusing  Pig-iron  together 
with  Wroaght-IroD. 

The  Siemens-Hartin  Steel  Process  in  Open  Hearths. 

Ad  excellent  account  of  this  process  is  given  in  the^t 
following  words,  in  a  pamphlet  by  Mr.  C.  W.  Siemens,  "  On 
the  Regenerative  Gas  Furnace  as  applied  to  the  Manufacturt  of 
Cast-SUel "  :— 

"  Some  method  of  etfe<^ing  the  fusion  of  steel  more 
cheaply  than  in  crucibles,  as  well  as  in  larger  masses,  has 
long  been  a  desideratum.  Heath,  the  discoverer  of  the 
beneficial  atflion  of  manganese,  was  the  first  (in  1845)  to 
conceive  that  cast-steel  might  be  produced  in  large  quantities, 
by  fusing  wrought-  and  cast-iron  together,  upon  the  open 
hearth  of  a  reverberatory  furnace.  The  wrought-iron  was 
introduced  into  another  part  of  the  furnace,  forming  a  bank 
between  the  bath  of  fluid  metal  and  the  chimney,  to  be  there 
heated  by  the  waste  heat  of  the  Same,  previously  to  its 
being  pushed  forward  into  the  liquid,  in  order  to  be  dissolved. 
Fearing  the  effect  of  the  ashes  from  a  common  fire-place, 
Heath  proposed  to  heat  his  furnace  by  jets  of  gas,  and  there 
is  every  probability  that  his  experiments  would  have  been 
crowned  with  success,  if  he  had  possessed  the  means  of  im- 
parting to  his  flame  the  i^itensity  of  heat  and,  at  the  same 
time,  the  absence  of  cutting  draught,  which  are  essentially 
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necessary.  Since  the  date  of  Heath's  patent,  the  fiision  of 
steel  in  an  open  furnace  has  fonned  the  subjeA  of  an  exten- 
sive series  of  experiments,  by  Sudre,  in  France.  The  experi- 
ments of  M.  Sudre  were  made  at  the  Montataire  Iron 
Works,  at  the  expense  of  the  Emperor  of  the  French,  and 
were  superintended,  on  his  behalf,  by  three  members  of  the 
French  Institute;  MM.  Sainte-Claire  Deviile,  Treuille  de 
Beaulieu,  Colonel  of  Artillery,  and  Caron,  Captain  of 
Artillery,  who  have  given  an  able  report  on  the  subjeil, 
showing  that  it  is  just  possible  to  raise  the  heat  of  an 
ordinary  furnace  by  means  of  a  fan-blast,  sufficiently  to 
effeft  the  fusion  of  tool  steel  upon  the  open  hearth,  in  pro- 
te<5ting  the  metal  by  a  layer  of  glass,  but  that  the  rapid 
destruiflion  of  the  furnace,  the  cost  of  fuel,  and  other  diffi- 
culties attending  the  operation,  were  such  as  to  render  the 
process,  commercially,  of  doubtful  value. 

"  The  regenerative  gas  furnace  is  so  manifestly  suitable 
for  the  operation  of  melting  steel,  both  in  pots  and  on  the 
open  hearth,  that  my  attention  was  diredted,  from  the  first, 
towards  this  objetfl.  The  early  experiments  condu(5ted  by 
my  brother  and  myself  at  Sheffield  failed,  however,  partly 
on  account  of  certain  irregularities,  arising  from  defedls  in 
the  furnace  which  have  since  been  removed,  but  chiefly  in 
consequence  of  the  want  of  determination,  on  the  part  of  the 
manufacturers  and  their  workmen,  to  persevere  with  us  to 
the  attainment  of  the  proposed  results. 

"  In  1862,  Mr.  Charles  Attwood  took  a  license  to  apply 
the  regenerative  gas  furnace  to  the  melting  of  steel  upon  the 
open  hearth,  in  connection  with  certain  chemical  processes 
or  mixtures  of  his  own.  I  supplied  the  design  of  a  furnace 
which  answered  the  purpose,  except  that  the  quality  of  steel 
produced  was  not  such  as  Mr.  Attwood  desired.  This 
circumstance  decided  him  to  cany  out  his  process  in  closed 
pots,  heated  in  the  same  furnace. 

"  In  1863,  my  friend,  M.  Le  Chatelier,  Inginieur  en  chef 
des  Mines,  elaborated  a  process  for  producing  steel  from 
cast-iron  by  puddling  and  melting  the  hot  puddled  blooms 
in  .a  bath  of  cast-iron,  prepared  in  a  regenerative  gas 
furnace,  upon  a  bed  of  iaim^  of  the  following  composition  :~ 
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Silica 13  to  17  per  cent 

Alumina 60  to  65      „ 

Peroxide  of  iron    ....  4  to    8       „ 

Water  in  combination  .    .  15  to  17      „ 

This  material  possesses  the  advantage  of  being  exceedingly 
infusible,  and  of  containing  no  materials  that  could  impart 
hurtful  ingredients  to  the  steel.  A  furnace  of  great  heating 
power  was  coostnidted  by  Messrs.  Boigue,  Rambour,  and 
Co.,  at  their  works  near  Montlu^on  m  France,  under  my 
superintendence,  and  would  certainly  have  accomplished  the 
desired  objeiSt,  if  the  company  had  displayed  the  least 
determination  to  succeed.  The  furnace  bottom  of  bauxite 
did  not  succeed,  as  it  was  not  solidified  by  the  heat,  and  rose 
to  the  surface  of  the  liquid  bath, — but  this  defedl  was  soon 
rectified  by  the  substitution  of  a  white  sand  bottom. 
Through  some  carelessness,  however,  the  covering  arch  of 
the  furnace  was  damaged  by  excess  of  heat ;  and  this  slight 
accident,  which  proved  nothing  except  an  ample  sufBciency 
of  heating  power,  sufficed  to  deter  the  company  from  pressing 
on  to  the  attainment  of  that  success  which  was  so  nearly 
within  their  reach.  In  the  meantime  I  bad  granted  a 
license  to  Messrs.  Emile  and  Pierre  Martin,  of  the  Sireuil 
Works,  to  melt  steel,  both  in  pots  and  on  the  open  hearth, 
and  a  furnace  was  erefted  by  them  in  1864  which  was  chiefly 
intended  for  a  heating  furnace,  but  was,  at  the  same  time, 
constnK^ed  of  such  materials  (Dinas  brick)  and  in  such  a 
form  as  to  be  also  applicable  for  melting  steel. 

"  With  this  furnace,  which  was  really  less  suitable  than 
those  previously  erefted,  MM.  Martin  have  succeeded  in 
producing  cast-steel  of  a  good  quality  and  of  various  tempers, 
and  their  produce  was  awarded  a  gold  medal  at  the  great 
French  Exhibition  in  1867.  MM.  Martin  have  since 
patented  various  arrangements  of  their  own,  such  as  the 
employment  of  particular  _/7tt*es  to  cover  the  surface  of  the 
molten  metal,  the  application  of  a  separate  furnace  for 
heating  the  iron  before  charging  it  into  the  melting  furnace, 
and  the  employmentof  particular  brands  ofcast-andwrought- 
iron,  which  may   be  useful   under  special    circumstances, 
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but  which  form  no  essential  part  of  the  general  solution 
of  the  problem. 

"  Having  beeA  so  often  disappointed  by  the  indifference  of 
manufaifturers  and  the  antagonism  of  their  workmen,  I  deter- 
mined, in  1865,10  eredt  experimental  or 'samplesteel  works'  of 
my  own  at  Birmingham,  for  the  purpose  of  maturing  the 
details  of  these  processes,  before  inviting  manufaAurers  to 
adopt  them.  The  first  furnace  erected  at  these  works  is 
one  for  melting  the  higher  qualities  of  steel  in  closed  pots, 
and  contains  sixteen  pots  of  the  usual  capacity.  The 
second,  erected  in  1867,  is  an  open  bath  furnace,  capable 
of  melting  a  charge  of  24  cwts.  of  steel  every  6  hours. 
Although  these  works  have  been  carried  on  under  every  dis- 
advantage, inasmuch  as  I  had  to  educate  a  set  of  men 
capable  of  managing  steel  furnaces,  the  result  has  been 
most  beneficial,  in  affording  me  an  opportunity  of  working 
out  the  details  of  processes  for  producing  cast-steel  from 
scrap  iron  of  ordinary  quality,  and  also  directly  from  the 
ore,  and  in  proving  these  results  to  others." 

Messrs.  Siemens  and  Martin  have  combined  their  patent 
rights  for  the  purpose  of  commercially  working  their  inven- 
tions, so  far  as  they  relate  to  the  manufacture  of  steel  by 
the  above-named  process. 

The  whole  process  is  conducted  in  Siemens's  regenerative 
gas  furnace,  the  bed  of  which  is  similar  in  shape  to  a  pud- 
dling furnace.  The  direi5tion  of  the  flame  is  from  end  to 
end,  and  the  regenerators  are  placed  transversely  below  the 
bed,  which  is  supported  on  iron  plates  kept  cool  by  a  current 
of  air.  The  air  enters  beneath  the  bed  plates  in  front,  and 
escapes  by  two  ventilating  shafts  at  the  back  of  the  furnace 
near  the  ends.  This  cooling  of  the  bed  is  very  necessaiy  to 
keep  the  slag  or  melted  metal  from  finding  its  way  through 
into  the  regenerator  chambers.  The  upper  part  of  the  fur- 
nace is  built  entirely  of  Dinas  brick. 

The  roof  of  the  furnace*  can  sustain  200  charges  without 
requiring  repair,  and  it  can  be  re-construAed,  if  desired, 
without  first  cooling  down  the  furnace.    For  this  purpose 

*  KSrk,  ManufaAure  of  Iran  and  Steel,  p.  laS. 


,;  Google 


THE   SIBMENS-MASTIN   STEEL  PROCESS.  205 

the  supply  of  gaa  is  shut  off,  and  the  whole  furnace  is  filled 
up  with  pieces  of  brick  and  with  sand,  so  that  the  filling-in 
material  touches  the  roof  all  over  its  surface.  The  brick 
roof  can  be  removed,  and  a  new  one  built  in  its  place  upon 
the  solid  support  formed  by  the  block  of  sand.  When  the 
new  roof  is  arched  in  completely,  and  is  capable  of  supporting 
itself,  the  sand  is  withdrawn  from  the  furnace  through  the 
doors,  and  the  whole  is  again  ready  for  working.  An  opera- 
tion  of  this  kind  has  been  performed  in  Sireuil  in  the  course 
of  a  few  hours. 

There  are  three  doors  in  the  front  of  the  furnace,  one  in 
the  centre  immediately  over  the  tap-hole,  and  two  near  the 
bridges,  through  which  the  bed  can  be  repaired  when  neces- 
sary, and  ingot  ends  or  other  heavy  scraps  be  charged  in. 
Sloping  shoots  are  provided  at  the  back  of  the  furnace,  through 
which  long  bars,  such  as  old  rails,  may  be  conveniently 
chai:ged,  and  beneath  these  are  openings  for  charging  the  pig- 
iron.  The  upper  end  of  the  shoots  is  on  a  level  with  an 
elevated  charging  platform  behind  the  furnace. 

The  bottom  of  the  furnace  is  formed  of  siliceous  sand, 
which  answers  exceedingly  well  if  properly  seledted  and 
treated. 

Instead  of  putting  moist  sand  into  the  cold  furnace,  as  is 
usually  done  in  preparing  the  bottoms  of  furnaces  for  heating 
or  melting  iron  or  copper,  Mr.  Siemens  dries  the  sand,  and 
introduces  it  into  the  hot  furnace  in  layers  of  about  t  inch  in 
thickness.  The  heat  of  the  furnace  must  be  sufficient  to  fuse 
the  surface  of  each  layer ;  that  is  to  say,  it  must  rather  exceed 
a  welding  heat  at  the  end  of  the  operation,  in  order  to  impart 
additional  solidity  to  the  uppermost  layers.  Care  must  betaken 
that  the  surface  of  the  bath  assume  the  form  of  a  shallow  basin, 
being  deepest  near  the  tap-hole.  Some  white  sand,  such, 
for  instance,  as  that  from  Gomal,  near  Birmingham,  will  set, 
under  these  circumstances,  into  a  hard  impervious  crust 
capable  of  surviving  from  20  to  30  charges  of  liquid  steel 
without  requiring  material  repair.  If  no  natural  sand  of 
proper  quality  is  available,  white  sand,  such  as  that  of  Fon- 
tainebleau,  may  be  mixed  intimately  with  about  25  per  cent 
of  common  red  sand,  when  the  same  result  will  be  obtained. 
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The  adlual  requirement  is  sand  containing  about  90  per  cent 
of  silica  and  10  per  cent  of  alumina  or  magnesia. 

In  tapping  the  furnace,  the  loose  sand  near  the  tapping- 
hole  is  removed,  when  the  lower  surface  of  the  bard  crust 
will  be  reached.  The  lowest  point  of  this  surface  is  then 
pierced  by  means  of  a  pointed  bar,  upon  the  withdrawal  of 
which  the  fluid  metal  runs  out  from  the  hottest  and  deepest 
portion  of  the  bath  into  the  ladle  in  front  of  the  furnace. 

M.  Le  Chatelier  proposes  to  mix  the  natural  bauxite,  of 
which  the  bottom  of  the  experimental  furnace  at  the  works 
of  MM.  Boignes,  Rambout^  and  Co.,  near  Montlu^n  was 
Brst  made,  with  about  i  per  cent  of  chloride  of  calcium  in 
solution,  in  order  to  calcine  the  mixture,  and  to  fonn  it  into 
moulded  masses  of  highly  refraftory  material. 

A  hard  bottom  being  thus  prepared,  and  the  heat  of  the 
furnace  raised  to  whiteness,  it  is  ready  to  receive  the  ma- 
terials to  be  melted. 

If  these  materials  consist  of  bar  iron,  or  of  old  iron  and 
steel  rails,  they  are  cut  into  lengths  of  about  6  feet,  and  are 
introduced  into  the  furnace  through  slanting  hoppers  from 
the  elevated  platform  at  the  back,  so  that  their  ends  rest 
upon  the  sand  bottom  forming  the  bath. 

If  the  capacity  of  the  furnace  is  such  that  charges  of  3  tons 
can  be  formed,  about  6  cwts.  of  grey  pig-iron  are  introduced 
through  the  ports  or  short  hoppers  below  the  main  charging 
hoppers  before  mentioned.  As  soon  as  a  bath  of  pig  metal 
is  formed,  the  heated  ends  of  the  rails  or  bars  begin  to  dis- 
solve, causing  the  bars  to  descend  gradually.  By  partially 
closing  the  mouths  of  the  charging  hoppers,  a  regulated 
quantity  of  flame  is  allowed  to  escape  from  the  furnace,  in 
order  to  heat  the  descending  bars  of  metal  previous  to  their 
entry  into  the  melting  chamber,  the  objeift  being  to  maintain 
the  high  temperature  of  the  furnace,  notwithstanding  the 
constant  introduAion  of  cold  metal.  The  escape  of  the 
produ(5ts  of  combustion  which  are  thus  withdrawn  from  the 
regenerators  is,  in  reality,  a  means  of  increasing  the  heat  of 
the  furnace,  because,  having  been  in  contadl  with  compara- 
tively cold  metal,  they  would  be  at  a  heat  inferior  to  that  of 
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the  Upper  portions  of  the  regenerators,  and  would,  therefore, 
only  lower  their  temperatures. 

M.  Martin  considers  that  the  charging  of  cold  materials 
sensibly  affedts  the  temperature  of  the  furnace  itself,  and 
interferes  with  the  regularity  of  the  operation.  He  there- 
fore employs,  besides  the  regenerative  gas  furnace,  two 
accessory  furnaces,  one  for  melting  the  pig-iron,  and  the 
other  for  heating  the  iron  scrap  up  to  a  white  heat  before  its 
introduiftion  into  the  Siemens  furnace. 

As  the  bars  from  their  gravity  sink  in  the  hoppers,  they 
are  followed  up  by  others,  until  the  metal  charged  amounts 
to  about  3  tons,  all  of  which  will  be  rendered  fluid  within 
about  4  hours  from  the  time  of  commencing  the  chaige. 
The  metallic  bath  is  tested,  from  time  to  time,  by  the  intro- 
dufftion  of  a  bar  through  one  of  the  ft'ont  doors  of  the  furnace, 
and  if  the  bath  should  become  thick  before  the  end  of  the 
operation,  although  the  heat  may  have  been  maintained,  it 
will  be  necessary  to  introduce  an  additional  quantity  of  pig- 
iron.  All  the  metal  being  liquid,  a  sample  is  taken  out  by 
means  of  a  small  iron  ladle,  and  plunged  into  cold  water 
while  still  red-hot.  On  breaking  this  sample  upon  an  anvil, 
the  temper  and  quality  of  the  metal  may  be  fairly  judged  of. 
Its  fra^ure  should  be  bright  and  crystalline,  betokening  a 
veiy  small  proportion  of  carbon  (not  exceeding  o*i  per  cent) 
and  the  metal  should  be  tough  and  malleable,  notwith- 
standing its  sudden  cooling.  From  5  to  S  per  cent  of 
spiegeleisen  (containing  not  less  than  9  per  cent  of  man- 
ganese) is  thereupon  charged  through  the  side  openings  upon 
the  bank  of  the  furnace,  and  allowed  to  melt  down  into  the 
bath,  which  is  then  stirred  and  made  ready  for  tapping  in 
the  manner  before  described. 

The  amount  of  carbon  introduced  with  the  spiegeleisen, 
determines  the  temper  of  the  steel  produced,  the  manganese 
being  necessary  to  prevent  red-shortness,  unless  Swedish  or 
Styrian  iron  is  used. 

When  old  iron  rails  or  scraps  of  inferior  quality  are  charged* 
the  addition  of  manganese  does  not  suf&ce  to  effeifl  the 
necessary  purification  of  the  steel  produced;  but  the 
perfeftly  liquid  condition  of  the  bath,  together  with  the 
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unlimited  time  available  for  chemical  reaAion,  offer  extra- 
ordinary facilities  for  the  introduftion  of  such  materials  as 
may  be  found  to  combine  with  sulphur,  phosphorus,  silicon, 
or  arsenic,  which  arc  the  usual  impurities  to  be  dealt  with. 

Mr.  Siemens  has  instituted  experiments  in  this  dtredtion, 
and  has  obtained  beneficial  results  from  the  introduAion  of 
Hthai^  into  the  bath,  in  conjunction  with  oxidising  salts 
containing  strong  bases,  such  as  alkaline  nitrates,  chromates, 
chlorates,  stannates,  titanates,  &c. 

The  choice  of  the  reagents,  and  the  quantity  to  be  cm- 
ployed,  depend,  naturally,  on  the  quality  and  quantity  of 
objectionable  matter  to  be  removed. 

By  the  aid  of  the  process  just  described,  it  is  possible  to 
convert  old  iron  rails  into  steel  rails  of  sufBciently  good 
quality,  at  a  cost  scarcely  exceeding  that  of  re-rolling  them 
into  fresh  iron  rails.  The  non-expensive  nature  of  the  pro- 
cess may  be  judged  of  by  the  faft  that  extremely  little 
labour  is  required  to  condudl  it,  that  the  loss  of  metal  does 
not  exceed  from  5  to  6  per  cent,  and  that  from  10  to  12  cwts. 
of  coal  suffice  to  produce  a  ton  of  cast  Bteel. 

At  M.  Verdie's  works,*  at  Firrainy  in  France,  there  are 
two  Siemens  furnaces  in  constant  operation.  Each  furnace 
is  capable  of  producing  in  12  hours  3500  kilos,  (about  3^  tons) 
of  steel  ingots  at  a  charge.  The  pig  and  scrap>iron  em- 
ployed are  previously  heated  in  separate  furnaces;  the 
quantity  of  pig-iron  next  charged  is  900  kilos.  The  fusion 
being  effefted,  and  the  flame  of  the  furnace  adjusted  to  a 
neutral  character,  a  chaise  of  200  kilos,  of  iron  and  steel 
scrap,  previously  raised  to  a  white  heat,  is  introduced  into 
the  furnace.  This  scrap-iron  will  melt  down  and  combine 
with  the  liquid  mass  of  the  bath  in  about  30  minutes.  At 
intervals  of  i-  an  hour,  fresh  charges  of  200  kilos,  each,  are 
successively  added,  and  the  entire  operation  occupies  about 
8  hours ;  about  2  hours  more  are,  however,  required  after 
each  charge  for  fettling  the  furnace.  During  the  sixth  and 
seventh  hour  of  adlual  working,  after  the  addition  of  about 
2400  kiloB.  of  wrought'iron  and  steel  scrap  to  the  charge  of 

*  K&RK,  ManDfAfiure  of  Iron  and  Steel,  p.  117. 
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900  kilos,  of  pig-iron,  the  mass  is  converted  into  a  pasty 
state,  approaching  wrought-iron  in  its  charadler,  but  actually 
□either  steel  nor  wholly  decarburised  iron.  This  mass  is 
then  re-carburised  by  successive  additions  of  200  kilos,  of 
pig-iron  at  a  time,  till  a  total  quantity  of  Soo  kilos,  is 
reached.  The  pig-iron  finally  added  in  this  manner  is  of 
the  same  kind  as  that  originally  employed ;  it  contains  some 
manganese,  and  the  quantity  to  be  added  to  each  charge  is 
adjusted  according  to  the  quality  and  degree  of  hardness 
required. 

The  metal  bath  is  prote(5ted  by  a  slag,  composed  of  char* 
coal  blast-furnace  cinders  mixed  with  pure  siliceous  sand ; 
the  time  of  fusion  may  therefore  be  protracted  at  will. 

The  loss  of  metal  in  this  process,  at  the  Sireuil  Works, 
amounted  to  7'8  per  cent,  and  the  prime  cost  of  ingots  to 
£6  i8s.  yd.  per  ton. 

A  3-ton  furnace,  with  gas  producer  and  regenerators,  and 
all  the  apparatus  for  moving  the  ingot  moulds,  may  be  esti- 
mated at  about  £500  ;  the  first  outlay  for  plant  is,  therefore, 
very  moderate. 

The  great  importance  of  this  comparatively  new  process 
has  caused  its  rapid  introduction  into  many  steel  works  in 
Prance,  America,  Austria,  and  also  in  this  country,  where 
Hr.  Samuelson,  M.P.,  has  obtained  a  license,  and  com- 
menced operations  on  a  large  scale  at  Banbury,  with  very 
satisfadtoiy  results. 

The  Obersteiner  Steel  Process. 

By  this  method,  pig-iron  is  melted,  together  with  wrought- 
iron,  in  crucibles,  and  the  resulting  steel  is  cast  into  moulds. 
This  process  is  still  in  use  in  Gefle  in  Sweden. 

The  pig-  and  wrought-iron  are  mixed  in  various  propor- 
tions ;  in  some  places,  for  instance,  seven  parts  of  best 
spiegeleisen,  rich  in  carbon,  are  melted  with  seventeen  parts 
of  wrought-iron. 

At  Hirschwang,  near  Reichenau,  the  charge  for  each 
crucible  consists  of  z^  lbs.  of  wrought-iron  scrap,  5J-  lbs. 
of  radiated  white  pig-iron,  and  i-i6tb  ounce  of  brown-stone. 
The  resulting  steel  is  tool-steel,  No.  6. 

VOL.  HI.  p 
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When  pig-  and  wrought-iron  are  of  constaot  composition, 
the  amount  of  carbon  in  the  mixture  may  be  calculated 
previously,  and  steel  of  any  desired  hardness  produced. 
Stengel  made  successful  experiments  on  this  point ;  for  the 
produflion  of  soft  steel,  he  employed  a  mixture  of  25  lbs. 
of  Swedish  wrought-iron,  containing  o'25  per  cent  of  carbon, 
and  2  lbs.  of  spiegeleisen  containing  5*6  per  cent  of  carbon ; 
the  mixture  for  hard  steel  consisted  of  24  or  25  lbs.  and 
8  lbs.  respeflively. 

a.  ProdDiAion  of  Steel    from  Wrought-iron    by 
Cementation. 

In  this  process,  the  raw  materials,  chiefly  wrought-iron 
and  fuel,  are  of  essential  importance.  The  resulting  steel 
is  principally  used  for  the  produdlion  of  tool  steel  (page  6), 
and  it  has  been  compared  with  raw  and  puddled  steels  on 
pages  41  and  65. 

Whilst  steel  works  are  generally  established  in  the 
neighbourhood  of  the  ore  mines,  the  manufaAure  of  cement 
steel  is  seldom  executed  in  places  where  the  suitable 
wrought-iron  is  produced,  but  rather  in  localities  where  good 
and  cheap  fuel  is  to  be  obtained.  Thus,  in  England,  cement 
steel  is  mostly  manufadlured  from  Swedish  wrought-iron, 
employing  mineral  coal,chieflyin  Sheffield  and  its  neighbour- 
hood, where  about  4-5th5  of  the  English  steel  is  produced. 
Sweden,  likewise,  exports  annually  from  40,000  to  50,000 
cwts.  of  cement  steel,  produced  by  means  of  wood  fuel. 

Jackson's  steel  works  at  Rive  de  Giers,  in  the  department 
of  the  Loire  in  France,  produce  annually  fh)m  110,000  to 
120,000  cwts.  of  cement  steel  from  foreign  wrought-iron. 

The  produdls  of  some  iron  works  on  the  Ural  and  in  the 
Pyrenees  are  equal  in  quality  to  the  Swedish  wrought-iron ; 
and  cement  steel  is  also  produced  from  the  wrought-iron  of 
Siegen  in  Westphalia,  as  well  as  from  that  of  Styria. 

The  manufa<5ture  of  cement  steel  is  so  old  that  the  date 
of  its  first  introduflion  cannot  be  ascertained.  It  has  been 
carried  on  for  more  than  100  years  in  England,  for  about 
half  a  century  in  Sweden,  and  about  30  years  in  France  and 
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Germany  (Westphalia) ;  it  was  only  introduced  into  Austria 
by  Tunner  in  1852. 

The  chemical  reactions  of  the  process  were  first  explained 
in  1786  by  Monge  and  BerthoUet,  but  important  hints  with 
T^ard  to  this  manufaAure  had  already  been  given  in  1722 
by  R£aumur,  in  his  treatise  "  L'art  de  Convertir  U  Per  Forg^ 
tnAcUr."  In  later  times  no.  essential  progress  has  been 
made  in  the  process. 

Different  views  are  entertained  with  reganl  to  the  forma* 
tion  of  cement  steel,  but  it  is  most  probable  that  the  car- 
bonisation of  the  iron  bars,  when  heated  in  powdered  coal 
with  the  exclusion  of  air,  takes  place  by  means  of  the  cyano- 
gen compounds  which  are  formed  in  the  state  of  gas,  rather 
than  by  a  direft  reatftion  of  carbon  or  carbonic  oxide  gas 
(pages  23  and  24).  This  view  is  confirmed  by  the  circum- 
stance that  hard  charcoal,  rich  in  alkalies,  yields  the  best 
cementation  powder,  and  that  its  efieft  becomes  exhausted 
with  the  disappearance  of  the  alkalies. 

In  order  to  form  steel,  the  glowing  heat  employed  must 
be  as  high  as  the  melting  point  of  copper  (1170°  C.)>  although 
the  carbonisation  aAually  commences  at  1000°  C.  When  a 
higher  temperature  (1400°  C,  for  instance)  is  employed,  cast- 
iron  will  be  formed  instead  of  steel.  The  produftion  of  the 
soft  kinds  of  steel  requires  a  lower  temperature  than  hard 
steel,  and  also  a  different  length  of  time.  When  one  and  the 
same  piece  of  iron  of  large  section,  immersed  in  coal,  is 
repeatedly  heated,  the  carbonisation  of  the  iron  will  take 
place  only  to  a  certain  depth,  corresponding  to  that  of  the 
heating  operations  which  had  been  most  effeAual;  from 
this  it  may  be  concluded  that  the  carbonisation  or  cementa- 
tion always  commences  afresh  from  the  outside  of  the  iron 
bar,  if  the  chemical  process  is  interrupted  by  an  accidental 
lowering  of  the  temperature. 

In  cementing,  the  fine-grained  or  fibrous  texture  of  the 
wrought-iron  is  transformed  into  a  scaly  crystalline  texture, 
owing  to  an  absorption  of  carbon ;  the  strength  and  specific 
gravity  becomes  lowered,  the  white  colour  is  turned  into 
grey,  the  bars  show  a  rough  surface  and  blunted  edges,  and, 
according  to  the  degree  of  cementation,  more  or  less  blisters 
p  2 
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form  on  the  external  surface,  whence  the  tenn  blister  steel  is 
derived.  The  blisters  are  caused  either  by  nitrogen  which 
has  been  evolved  from  the  cyanogen,  or  by  the  formation  of 
carbonic  oxide  gas,  produced  by  the  reaction  of  the  air  in- 
cluded in  the  cement  powder,  or  of  the  slag  contained  in  the 
wrought-iron,  which  may  readt  upon  the  carbon  contained 
in  the  softened  surface  of  the  bar-iron.  When  bar-iron  of 
good  quality  is  employed,  the  blisters  will  be  found  less  than 
z  centimetre  in  diameter,  and  unifonnly  distributed  over  the 
whole  surface.  As  these  blisters  are  bright  inside,  they  do 
not  impede  the  perfedt  welding,  and  the  cement  steel,  on 
beingfoi^ed,  becomes  more  compaiJt  than  the  iron  from  which 
it  was  produced ;  while,  at  the  same  time,  the  operation  of 
foi^ng  causes  the  cracks  which  may  be  observed  on  the 
cross  fracture  of  the  bar,  and  which  usually  run  parallel  to 
the  large  planes  of  the  bar,  to  disappear.  The  absorption  of 
carbon  by  the  bars  is  not  uniform,  as  they  are  richer  in 
carbon  outside  than  in  the  centre.  The  bars  to  be 
cemented  must  not,  therefore,  be  of  too  large  dimensions, 
and  the  blister  steel  must  be  subsequently  refined  either  by 
welding  and  forging,  or  by  being  re-melted.  The  carbonisa- 
tion of  an  iron  bar  does  not  usually  extend  betow  i8  lines. 

As  it  is  impossible  to  obtain  a  perfe<ftly  uniform  tempera- 
ture in  the  conversion  pots,  soft  and  hard  kinds  of  steel 
result  at  the  same  time,  rendering  it  necessary  to  sort  the 
steel  according  to  the  appearance  of  the  fracture  (page  41). 

A  great  deal  of  Swedish  and  Styrian  cement  steel,  after 
being  heated  to  a  yellow  heat  in  common  forges,  or 
hollow  fires,  or  reverberatory  furnaces,  is  drawn  out  under 
hammers  or  rolls  without  a  previous  refining,  and  is  used 
for  the  manufafture  of  springs,  files,  and  other  common 
articles.  When  a  better  quality  is  required,  the  steel  must 
be  previously  refined. 

The  Materials  for  the  ManufaAure  of  Cement  Steel. 

I.  Wrought-Iroo. — A  superior  kind  of  wrought-iron  is 
required  for  the  produaion  of  the  best  quality  of  steel.  Such 
steel  combines  the  properties  of  great  hardness  and  elasticity. 
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vith  an  easy  weldability,  and  possesses  the  capability  of  being 
polisbedandof  retaining  itssteelynaturefora  long  time,  whilst 
being  treated  at  higher  temperature.  The  wrought-iron  must 
be  as  ft^e  as  possible  from  all  foreign  admixtures,  and  be  dense 
and  uniform  whether  hard  or  soft.  A  want  of  continuity  in 
the  wrought-iron  makes  itself  apparent  in  the  cemented  bars, 
which  then  show  larger  and  smaller  blisters  in  irregular  dis- 
tribution, and  likewise  irregular  clefts  and  cracks.  The 
latter  apparently  disappear  on  forging,  but  on  the  finishing 
operations  being  performed  (the  polishing,  for  instance)  they 
appear  again  as  grey  or  black  spots. 

The  Swedish  wrought-iron  produced  in  the  Lancashire 
finery  forge  (vol.  ii.,  pj^e  763)  is  in  great  repute  for  the 
manufaAure  of  cement  steel.  It  is  also  chiefly  used  in  Eng- 
tand ;  Russian  and  Styrian  wrought-iron  likewise  gives  good 
results. 

Hammered  iron  is  generally  preferred  to  rolled  iron, 
although  the  latter  has  a  more  equal  grain,  in  consequence 
of  its  being  more  uniformly  treated.  As  it  is  less  dense, 
rolled  iron  is  more  easily  cemented  than  hammered  iron. 
Swedish  rolled  wrought-iron  has  lately  been  more  generally 
employed.  The  steel  produced  from  it  does  not,  however,  com- 
mand such  a  high  price  as  that  produced  from  hammered  iron. 

For  the  produAion  of  the  best  kinds  of  steel,  finery  iron  is 
also  preferred  to  puddled  iron,  which,  according  to  Tunner,* 
attains  a  more  uniform  cementation,  as  far  as  can  be  judged 
of  by  the  exterior ;  but  the  fradtures  of  such  bars  frequently 
show  flaws  in  the  form  of  dark  stripes,  which  become  more 
perceptible  if  the  bars  are  drawn  out  into  flue  dimensions, 
and  which  cannot  be  perfedlly  removed  by  a  further  reflning. 

Steel  produced  from  flnery  iron  is  more  elastic,  and  retains 
its  hardness  better  than  that  which  results  from  puddling 
iron.  However,  puddled  iron  produced  from  superior  pig- 
iron,  with  an  addition  of  Schafhautl's  powder,  and  which 
has  been  rendered  as  dense  as  possible  by  careful  welding 
and  hammering,  is  now  applied  in  England^  as  well  as  in 

■  LiOB.,  Jihrb.,  1837,  VI.,  gl, 
t  Ibid.,  tSji,  vi.,  139. 
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Austria*  to  purposes  for  which  formerly  Swedish  and  Rus- 
sian iron  only  were  used. 

3.  Puddled  Steel. t — Railway  wheels  and  rails  made  of 
puddled  steel  were  cemented  in  Newcastle  in  1837,  as  they 
have  been  lately  also  in  France,  in  order  to  render  them  very 
hard  and  uniform.  The  cementation  of  puddled  steel  takes 
place  more  quickly  and  deeply  (above  2  inches  deep)  than 
that  of  wrought-iron. 

3.  Cementing  Powder. — The  lai^st  and  best  steel  works 
in  England,  Sweden,  Styria,  &c.,  employ  as  cementing 
powder  nothing  but  charcoal,  partly  in  the  form  of  powder, 
and  partly  in  small  pieces  not  larger  than  about  one-tenth 
cubic  inch.  In  Sweden,  birch  charcoal  is  usually  employed; 
in  England,  oak  charcoal ;  in  Westphalia,  beech  charcoal ; 
and  in  Styria,  pine  charcoal.  The  compact  charcoals  made 
of  wood  which  is  rich  in  alkalies  are  best  adapted,  as  they 
facilitate  the  formation  of  cyanogen,  and  exclude  the  air  better, 
owing  to  their  lying  in  so  compaift  a  state. 

Powder  which  has  been  used  possesses  less  cementing 
power,  and  can  only  be  applied  again  on  being  mixed  with 
half  or  three  quarters  of  fresh  powder.  It  is  usually  em- 
ployed on  the  top  and  at  the  bottom  to  lessen  the  expense. 
Fresh  powder  used  alone  requires  longer  time  and  loww 
temperature  in  the  cementing  operation  ;  heated  coals  are 
also  less  effe^ve  than  fresh  ones.  Coke  powder  cannot  be 
used  on  account  of  the  amount  of  ash  and  sulphur  it  con- 
tains. I  cwt.  of  iron  chained  for  cementing  requires  about 
^  cubic  foot  of  charcoal. 

A  great  variety  of  artificial  compositions  of  cementing 
powder  are  recommended,  but  they  are  not  more  efieAive 
than  pure  charcoal.  Tunner's  experiments^  have  proved 
that  an  addition  of  ^  per  cent  of  potash  and  common  salt,  on 
the  weight  of  the  charcoal,  facilitates  the  formation  of  cyano- 
gen, thus  accelerating  the  cementation,  and  is  chieily  effec- 
tive in  the  produftion  of  the  harder  kinds  of  steel  rich  in 
carbon.    A  similar  effeft  is  produced  by  moistening  the 

'  Leob.,  Jahrb.,  1S37,  vi.,  go. 

t  Ibia.,  1S63,  xii.,  6j.  * 

;  Ibid.,  1853,  iii.,  306  i  1863,  xii.,  fij. 
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cementing  powder  with  a  dilute  solution  of  wood-ash.  Dodd* 
shortened  the  time  of  cementing  from  three  or  five  days  to 
75  hours,  by  employing  powdered  charcoal  with  an  admixture 
of  6  per  cent  of  lime  and  z  per  cent  of  soda. 

An  addition  of  carbonate  of  baiytat  has  a  still  better  a£tioa 
than  alkalies  (page  24). 

An  addition  of  animal  substances  (leather,  horn,  &c.,)  or 
ferrocyanide  of  potassium,^  likewise  facilitates  the  formation 
of  cyanogen. 

The  cementing  powder  is  either  employed  in  a  dry  state, 
or  it  is  previously  moistened  to  prevent  it  from  dusting. 

It  has  been  before  observed,  that  illuminating  gas  free  from 
sulphuretted  hydrogen  gas  has  been  used  for  the  purpose  of 
cementation  (page  23). 

4.  Fuel  for  Heating  the  Furnaces. — The  nature  of  the 
fuel  exercises  an  essential  influence  upon  the  cost  and  dura- 
tion of  the  cementation  process,  and  also  regulates  the  con- 
strudtlon  of  the  furnaces. 

In  most  steel  works,  in  England  and  Westphalia,  for  in- 
stance, a  long  flaming  mineral  coal,  rich  in  gas,  and  not  too 
strongly  caking,  is  use^.  In  Sweden,  Reichenau,  &c.,  air- 
and  kiln-dried  wood  is  employed ;  in  Styria  brown  coal  is 
burnt  on  step  grates,  and  sometimes  turf  also. 

The  production  of  100  lbs.  of  cement  steel  consumes  from 
75  to  go  lbs.  of  mineral  coal,  from  160  to  210  lbs.  of  brown 
coal  (at  Leoben,  for  instance,  200  lbs.  in  furnaces  having 
two  conversion  pots,  and  400  lbs.  in  furnaces  with  only  one 
such  pot),  from  200  to  300  lbs.  of  turf,  and  from  300  to 
325  lbs.  of  pine  wood  in  pieces,  according  to  their  dryness. 

At  Friedrichsthalll  in  Wurtemburg,  the  waste  gases  of 
iron  blast  furnaces  are  employed  for  heating  the  cementation 
furnaces,  and  at  Eibiswald,§  the  process  is  conduced  with 
the  waste  gases  of  puddling  furnaces. 

•  B.  o.  h.  Ztg.,  i8sg,  p.  144. 

t  Habth.,  Forucbr.,  v.  344;  vi.,  147.     Polyt.  Cenlt.,  186a,  No.  6, 
J  DiNOi..,  Bd.  158,  p.  205. 
H  B.  D.  h.  Ztg.,  1858,  p.  iig. 

%  OcMciT.  iDgcD.  Vereio,  Ablheilong  (iir  Berg  und  Huttenwcien,  Sitzung 
vom  3,  Febrnai',  18G2. 


,;  Google 


Cementation  Furnaces. 

One  of  these  furnaces  is  represented  in  Figs.  31,  32,  and 

33.*   It  is  redlangular,  and  covered  in  by  a  semicircular  arch, 

in  the  centre  of  which  a  circular  hole  is  left  12  inches  in 

Fig.  31. 


diameter ;  this  is  opened  when  the  furnace  is  cooling.  It 
contains  two  receptacles  called  "  pots,"  c,  c,  made  either  of 
sandstone  or  fire-bricks ;  each  pot  is  3  feet  wide,  3  feet  deep, 
and  12  feet  long.    One  is  placed  on  one  side,  and  the  other 

Fig.  32. 


on  the  contrary  side  of  the  fire-grate.  A,  B,  which  occupies 
the  whole  length  of  the  furnace,  and  is  13  or  14  feet  long ; 
the  grate  is  15  or  16  inches  broad,  and  the  bars  rest  from 


■  Ube's  Diaionaiy  of  Arts  and  Mines,  vol.  iii.,  p.  761. 
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10  to  12  inches  below  the  inferior  plane  or  bottom  level  of 
the  pots.  The  height  of  the  arch  at  the  centre  is  5^  feet 
above  the  top  of  the  pots,  the  bottoms  of  which  are  nearly 
level  with  the  ground,  so  that  the  bars  of  iron  do  not  require 
to  be  lifted  so  high  on  being  charged  into  the  furnace, 

Fio.  33. 


The  Same  rises  between  the  two  pots ;  it  also  passes  below 
and  around  them  through  the  horizontal  and  vertical  flues,  d, 
and  issues  from  the  furnace  through  the  six  small  chim- 
neys, into  a  large  conical  space  which  is  built  round  the 
whole  furnace,  ^m  30  to  40  feet  high,  open  at  the  top.  This 
coae  increases  the  draught  of  the  furnace,  and  carries  away 
the  smoke.  There  are  three  openings  in  the  front  of  the 
arch ;  two,  T,  in  Fig.  33  above  the  pots,  serve  to  admit  and 
remove  the  bars ;  they  are  about  8  inches  square.  A  piece 
of  iron  is  placed  in  each,  upon  which  the  bars  slide  in  and 
out  of  the  furnace.  The  workman  enters  by  the  middle 
opening,  p,  to  arrange  the  bars,  which  he  lays  flat  in  the 
pots,  and  spreads  a  layer  of  charcoal  ground  small  between 
each  layer.  The  bars  are  placed  near  each  other,  except 
those  next  to  the  side  of  the  pots,  which  are  placed  an  inch 
from  it.  The  last  stratum  of  iron  is  covered  with  a  thick 
layer  of  charcoal,  and  the  whole  is  carefully  overspread  with 
a  coat  of  loam  4  or  5  inches  thick. 

Furnaces  intended  for  the  produdlion  of  smaller  quantities 
of  steel  of  a  certain  quality  are  now  and  then  constni(5ted 
with  one  pot  only  j  they  consume  more  fuel  than  those  with 
two  pots. 
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Furnaces  with  three  pots  were  formerly  used  in  Sweden ; 
they  economised  fuel,  but  did  not  yield  an  uniform  product, 
and  exerted  too  strong  a  pressure  upon  the  supports. 

The  interior  side  walls  of  the  furnaces  are  lined  with  fire- 
bricks 5  or  6  inches  thick,  and  the  rough  walling  of  i  foot  in 
thickness  is  sometimes  separated  from  the  lining  by  a 
fiUing-in  4  or  5  inches  thick.  The  arched  roof  is  from  iz  to 
16  inches  thick,  and  the  flatter  its  construiflion  the  less  fuel 
will  be  consumed  ;  but,  on  the  other  hand,  the  flatness  will 
render  the  conduifl  of  the  manipulation  more  troublesome. 
For  this  reason  the  small  furnaces  at  Leoben  and  Hirsch- 
wang,  near  Reichenau,  with  one  pot,  are  construdled  with  flat 
roofs  composed  of  different  parts,  which  may  be  easily  re- 
moved by  means  of  a  crane,  and  which  allow  of  an  easy 
manipulation,  and  enable  the  time  of  cooling  to  be  shortened. 

The  pots  sometimes  vary  in  size  with  the  length  of  the 
iron  bars ;  they  are  from  8  to  15  feet  long,  from  26  to  36 
inches  broad,  and  from  28  to  36  inches  high.  The  smaller 
pots  require  more  fuel,  and  the  larger  ones  do  not  attain  an 
uniform  temperature,  as  their  lat^e  size  makes  it  difBcult  to 
exclude  the  atmospheric  air.  Furnaces  with  two  pots  usually 
contain  120,  175,  or  240  cwts.  of  wrought-iron  in  each  pot, 
according  to  their  dimensions. 

The  pots  of  Mayr's  Steel  Works  at  Leoben  are  10  feet 
long,  3  feet  3  inches  broad,  and  3  feet  5  inches  high.  They  ' 
have  a  capacity  of  150  or  160  cwts.  of  wrought-iron  with  the 
necessary  quantity  of  cementing  powder ;  they  are  built  of 
slabs  made  of  the  material  for  fire-bricks.  The  pots  of  Fri- 
dau's  Works  at  Leoben,  in  furnaces  having  one  pot  only,  are 
'  7  feet  long,  zjt  feet  broad,  and  3  feet  deep ;  they  have  a  capa- 
city of  60  cwts. 

When  plane  grates  are  employed,  the  fire-place  is  as  long 
as  the  pots.  Step  grates  are  also  used  in  some  cases,  one 
on  each  of  the  frontal  sides  of  the  furnace.  Mayr's  steel 
works  at  Leoben,  for  instance,  has  furnaces  each  with  two 
step  grates,  the  steps  being  from  12  to  18  inches  broad,  and 
the  combustion  gases  are  conduifted  through  six  flues  pro- 
vided with  sliding  valves  into  the  arched  roof.  The  furnaces 
at  the  most  work  twenty  charges  annually. 
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A  one-pot  furnace  with  movable  roof,  constniAed  by  Rit- 
tinger,  for  wood  firing,  and  used  in  Hirschwang,  near  Rei- 
chenau,  is  represented  in  Figs.  34,  35,  and  36. 

FiQ.  34. 


The  grate,  a,  is  divided  into  two  compartments  by  the 
wall,  b.  The  flame  enters  by  the  openings,  d,  into  the 
channels,  /,  which  are  provided  with  the  slide  door,  e,  whence 
it  partly  enters  the  space,  a,  above  the  pot,  h,  through  the 

Fig.  35. 


openings,  g,  and  partly  rises  in  the  side  flues,  i,  on  the  long 
side,  and  descends  in  the  frontal  sides  in  the  flues,  k, 
through  g" ;  the  flame  then  passes  through  the  bottom 
flues»  I,  into  the  side  flues,  m,  and  hence  into  the  horizontal 
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channels,  «,  together  with  the  gases  from  the  space,  A, 
through  g".  The  flame  is  then  conducted  into  the  smoke- 
colledling  channel,  p,  through  the  descending  channel,  o ; 
the  combustion  gases  from  the  frontal  dues,  k,  enter  into  o, 

Fio.  36. 


through  p'.  Below  each  pot,  or  if  possible  on  the  side  of  it, 
in  order  to  have  room  for  a  solid  support,  a  channel,  p,  is 
construi5led,  and  two  of  these  unite  outside  the  furnace  in  a 
common  chimney  54  feet  high  and  38  square  inches  wide ; 
(/  is  a  loop-hole ;  r  is  an  opening  for  extradting  sample  bars 
from  the  furnace;  s  is  a  man-hole;  iis  the  movable  roof 
formed  of  fire-bricks  and  covered  with  burnt  clay  and  sand ; 
u  are  openings  for  charging  and  discharging  the  furnace. 

When  the  appUcation  of  gas-firing*  is  intended,  it  is  only 
necessary  to  put  the  gas  tube  on  one  of  the  long  sides  of  the 
furnace,  and  to  introduce  the  gas  through  three  openings 
into  the  vertical  flues  on  one  of  the  long  sides  of  the  furnace  ; 
the  combustion  air  is  to  be  introduced  through  openings 
above  those  of  the  gas  tube,  and  which  can  be  regulated  by 
slidii^  valves.      The  flame  then  rises  in  the  above-named 


1.  b.  Ztg.,  i8j8,  p.  iig.UbnIa  iii. 
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flues,  passes  above  the  pot,  and  descends  through  the  flues 
on  the  other  long  side  and  those  of  the  frontal  sides,  into  a 
channel  below  the  pot,  which  channel  communicates  with  a 
chimney  30  feet  high. 

Dodd*  has  constructed  a  furnace  for  continuous  operations. 

Method  of  Condudling  the  Cementation  Process. 

Before  the  pots  are  charged,  a  layer  of  clay,  powdered 
bricks,  or  fine  quartz  sand,  i  or  i)-  inches  thick,  is  uniformly 
spread  out  upon  their  bottom,  in  order  to  cover  cracks  which 
may  have  been  formed  ;  open  joints  in  the  other  parts  of 
the  pots  are  closed  with  mortar.  Upon  that  layer  of  sand, 
Sec,  a  stratum  of  cementing  powder  ij-  or  2  inches  high  is 
uniformly  spread  for  receiving  the  first  layer  of  wrought-iron  ; 
this  powder  is  frequently  previously  wetted  with  pure  water 
or  with  loam  water.  The  ordinary  sizes  of  bars  employed 
are  from  2  to  5  inches  in  breadth,  and  from  ^  to  f  of  an  inch 
in  thickness,  a  flat  form  being  preferred  to  those  of  round  or 
square  se<5lton.  The  bars  are  placed  in  the  pots  on  their 
flat  side.  Thin  bars  are  much  sooner  converted  than  thick 
ones.  Reaumur,  in  his  experiments,  states  that  if  a  bar  of 
iron  3-i6ths  of  an  inch  thick  is  converted  in  6  hours,  a  bar 
7-T6ths  of  an  inch  would  require  36  hours  to  attain  the  same 
degree  of  hardness ;  but,  on  the  other  hand,  the  pots  will 
contain  a  smaller  quantity  of  iron  if  filled  up  with  thin  bars. 
The  pots  may  contain  36  per  cent  of  their  volume  of  iron. 
In  filling  them,  an  allowance  is  made  for  the  expansion  of 
iron  by  heat,  a  space  of  about  2  inches  longitudinally  and  a 
little  less  transversely  being  left  between  the  edges  of  each 
layer  of  bars  and  the  walls,  and  in  like  manner  the  butt  ends 
of  adjacent  bars  in  each  line  must  not  be  brought  in  contact 
with  one  another;  a  small  space  is  also  left  between  the  single 
bars.    The  interstices  are  filled  up  with  cementing  powder. 

The  pot  is  then  filled  up  to  about  4  or  6  inches  below  the 
edge,  with  alternate  layers  of  wrought-iron  and  cementing 
powder;  the  layers  of  powder  are  ^  or  )■  an  inch 
thick.     At  the  place  where  the    pot  has  an  opening  for 

*  B.  u.  b.  Ztg..  18M,  pp.  144. 
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drawing  samples,  one  or  two  shorter  bars  are  placed  pro- 
je<5ting  somewhat  beyond  the  opening,  so  that  they  may  be 
easily  taken  out.  Upon  the  uppermost  layer  of  iron,  a  layer 
of  cementing  powder  2  inches  thick  is  spread  out.  In  order 
to  exclude  air  as  effedtually  as  possible,  the  whole  is  then 
covered  with  bricks,  quartz  sand,  and  clay,  which  is  firmly 
beaten  down.  In  England,  grinder's  waste  is  employed  for 
such  covering ;  this  kind  of  sand  contains  particles  of 
steel  which  are  superficially  oxidised,  and  frits  at  a  higher 
temperature  to  a  gla^e,  forming  a  covering  impervious  to 
the  air. 

At  Friedrichstahl,  where  gas  is  used  for  firing,  it  is  con- 
sidered necessary  to  cover  the  uppermost  layer  of  cementing 
powder  first  with  a  layer  of  loam  i  inch  thick,  then  with  a 
corresponding  layer  of  fine  quartz  sand,  and  upon  these  to 
place  a  layer  of  broken  brick,  the  interstices  of  which  are 
filled  up  with  loam,  and  to  cover  the  whole  with  a  thick 
layer  of  sand. 

The  filling  of  a  furnace  occupies  about  z  days ;  the  flues 
are  then  cleaned,  the  charging  openings  and  the  man-hole 
walled  up,  and  the  latter  provided  with  a  loop-hole. 

The  furnace  is  then  gradually  brought  to  the  temperature 
of  the  melting  point  of  copper  (page  211) ;  with  a  new 
fomace  this  is  effedted  in  two  days,  and  with  an  old  one  in 
about  24  hours.  This  temperature  is  kept  as  uniform  as  possible 
by  judiciously  stirring  the  fire  about  once  every  hour,  by 
cleaning  the  grate  twice  in  a  day,  and  also  by  a  suitable 
distribution  of  the  flame  by  means  of  the  sliding  doors. 
Towards  the  end  of  the  operation,  the  heat  is  somewhat 
increased. 

An  operation  occupies  from  5  to  9  days,  and  sometimes 
even  longer,  according  to  the  seiflion  of  the  iron  bars  and 
the  degree  of  carbonisation  intended.  After  about  170  or 
180  hours,  the  first  sample  bar  is  taken  out,  and  its  eKamina- 
tion  in  a  raw  and  hardened  state  (page  211)  enables  the  state 
of  the  process  to  be  judged  of;  12  or  14  hours  later  the 
second  sample  bar  is  taken  out ;  when  an  unaltered  kernel 
of  soft  iron  is  no  longer  apparent  in  the  centre,  the  con- 
version is  considered  to  be  complete.      The  fire  is  now 
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allowed  to  go  out,  and  t6e  furaace  is  left  to  cool  for  3  days ; 
the  man-hole  stoppings  are  then  removed,  and  on  the  sixth 
day  the  withdrawal  of  the  cemented  bars  is  commenced  ; 
this  takes  one  or  two  days  more,  so  that  the  whole  operation 
occupies  from  17  to  20  days.  From  fifteen  to  twenty  opera- 
tions are  made  annually. 

The  average  increase  of  weight  in  the  conversion  of  bar 
iron  into  cement  steel,  is  from  i  to  }  per  cent. 

Examples  of  the  ManufaAure  of  Cement  Steel. 

1.  Furnaces  Heated  with  Uineral  Coal. — In  Yorkshire,* 
furnaces  with  two  pots  are  used.  One  furnace  is  charged 
with  from  i6  to  18  tons  of  bar  iron,  and  steel  for  melting 
purposes  requires  from  9  to  10  days,  for  shearing  8  days,  and 
for  spring  temper  7  days.  100  lbs.  of  cement  steel  are  pro- 
duced at  a  consumption  of  about  75  lbs.  of  coal.  The  thick- 
ness of  the  iron  bars  employed  is  generally  i  of  an  inch, 
and  their  breadth  about  3  inches. 

2.  Fomaces  Heated  with  Brown  Coal. — At  Mayr's 
Steel  Works  in  Leoben,  furnaces  with  two  pots  are  in  use, 
and  one  pot  is  capable  of  containing  bom  150  to  160  cwts. 
of  iron,  which  form  from  eighteen  to  twenty-five  layers, 
according  to  the  thickness  of  the  bars.  The  bars  employed 
are  either  2^  inches  broad  and  i^-  inches  thick,  or  ij-  inches 
square.  An  operation  is  completed  in  200  hours,  and  a 
similar  time  is  allowed  for  cooling  the  furnace,  which  is 
then  discharged  in  z  days.  The  bar  iron,  in  its  conversion 
into  steel,  increases  in  weight  by  J-  or  f  per  cent.  One  opera- 
tion consumes  about  135  cubic  feet  of  small  charcoal  as 
cementing  powder,  and  200  lbs.  of  small  brown  coal  per 
100  lbs.  of  steel  are  consumed.  The  furnace  is  charged  and 
dischai^ed  by  four  men,  and  is  attended  by  one  man  during 
the  operation ;  fifteen  operations  are  made  in  one  year. 

The  furnaces  at  Fridau's  Steel  Works  in  Leoben  are  pro- 
vided  with  one  pot  only,  which  has  a  capacity  of  60  cwts. 
The  time  occupied  in  charging  the  furnace  is  two  days,  and 

*  DiHOL.,  Bd.  91,  p.  46a. 
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that  for  conversion  from  six  to  eight  days.  The  furnace  is 
allowed  three  days  for  cooling,  and  is  discharged  in  two  days. 
Five  cubic  feet  of  cementing  powder  per  charge,  and  4  cwts.  of 
small  brown  coal  per  cwt.  of  steel  are  consumed  ;  the  increase 
of  weight  in  the  steel  amounts  to  i  per  cent. 

3.  Furnaces  Heated  with  Wood. — The  furnaces  in 
Sweden*  with  two  pots  have  a  capacity  of  from  250  to 
350  cwts.  of  iron,  and  an  operation  is  completed  in  from  9  to 
12  days,  at  a  consumption  of  20  cubic  feet  of  wood,  in  pieces 
36  inches  long,  and  at  an  expense  of  about  is.  9^.  per  cwt. 
of  steel.  The  cement  steel  is  drawn  out  into  bars  J  of  aa 
inch  square,  losing  6  per  cent  in  weight  (including  the  increase 
on  cementing),  at  an  expense  of  about  2s.  8d.  The  cost  per 
cwt.  of  drawn-out  steel  amounts,  therefore,  to  about  4s.  8d., 
and  to  from  13s.  6d.  to  tSs.  8d.  if  the  price  of  the  iron  is 
included. 

At  Hirschwang,  near  Reichenau.t  furnaces  with  one  pot 
and  movable  roof  are  in  use.  One  charge  of  140  cwts. 
48  lbs.  of  wrought-iron  in  bars  5-4th  inches  square,  yields 
140  cwts.  69  lbs.  of  hard  cement  steel  at  a  consumption  of 
3996  cubic  feet  of  wood  which  is  not  perfectly  air-dried.  An 
operation  occupies  15^  days,  two  of  which  are  used  for 
charging,  and  four  for  cooling  and  discharging  the  furnace. 
Air  is  admitted  into  the  furnace  through  the  sliding  valves, 
roof,  &c.,  24  hours  after  the  conversion  is  completed. 

The  furnaces  at  Friedrichsthalt  likewise  have  only  one 
pot,  and  are  heated  with  the  waste  gases  from  iron  blast 
furnaces. 

From  50  to  60  cwts.  of  bar-iron  are  charged  and  converted 
into  cement  steel  in  from  eight  to  ten  days,  or  in  15^  to 
17}-  days  when  the  time  for  chai^ng  and  discharging  is  in- 
cluded. The  increase  of  weight  in  the  steel  amounts  to 
0*6  or  o'S  per  cent.  The  expense  for  cementing  i  cwt.  of 
iron  only  amottnts  to  about  3d. 


*  TvHHBR,  dat  EiMobQtteDweseo  Schwedeni,  1858,  p.  S4. 
t  RiTTiHOBR's  ErTahningen,  1861,  p.  36. 
;  B.  D.  h.  Ztg.,  JS58,  p.  iig. 
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PRODUCTION   OF  DAMASKED  STBBL  BY  FUSING 
WROUOHT-IRDN   WITH  COAL. 

The  damasked  steel  is  charaflerised  by  its  behaviour  when 
a  polished  surface  is  etched  with  acids,  when  owing  to  the 
different  degree  of  solubility  of  the  compounds  which  are 
richer  or  poorer  in  carbon  a  design  of  dark  and  light  lines 
in  a  certain  order  will  appear.  The  term  damask  is  derived 
bbm  the  city  of  Damascus,  where  Indian  steel  has  been 
produced  for  centuries  past.  Those  parts  of  the  steel  which 
are  easily  attacked  attain  a  grey  colour  as  graphite  becomes 
exposed,  while  those  parts  which  are  less  easily  attacked  forni 
lighter  lines  in  relief.  The  damasked  steel  vanes .  in  its 
designs,  some  having  parallel  lines,  and  others  lines  of  a 
screw-like  fonn,  or  they  resemble  mosaic* 

Schafbautl  suggests  that  the  least  soluble  compound  of 
the  steel  is  silico-carbide  of  iron.  On  being  re-melted,  or 
suddenly  cooled,  damasked  steel  loses  its  designs  more  or 
less. 

As  uniformity  is  the  principal  charadleristic  of  good  steel, 
the  high  degree  of  hardness  and  elasticity  which  the  various 
kinds  of  damasked  steel  possess,  can  be  obtained  only  by  very 
pure  raw  materials,  which  must  be  subjected  to  extremely 
careful  treatment.  The  superior  qualities  of  damasked  steel 
are  also  attributed  to  the  presence  of  a  certain  amount  of 
tungsten,  nickel,  manganese,  &c.,  and  analyses  have  deter- 
mined these  substances  in  the  steel. 

Prodadtion  of  Indian  Steel  or  Wootzf  (Natural 
Damask). — The  wootz  ore  consists  of  magnetic  oxide  of  iron 
ooited  with  silica  in  proportions  which  appear  to  differ  but  little, 
being  generally  about  42  of  silica  and  58  of  magnetic  oxide. 
Its  grains  are  of  various  sizes  down  to  a  sandy  texture.  The 
natives  prepare  it  for  smelting  by  pounding  the  ore  and  win- 
nowing away  the  stony  matrix,  a  task  at  which  the  Hindoo 
females  are  very  dexterous.  The  manner  in  which  the  iron 
ore  is  smelted  and  converted  into  wootz  or  Indian  steel  by 

*   Bgwkfd.,  v.,  391. 

t  Urb's  DiOiooaiyof  Alts  and  Minei,  vol.iii.,  p.  764. 
VOL.  HI.  Q 
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the  natives  of  the  present  day  is  probably  the  same  that  was 
pratflised  by  them  at  the  time  of  the  invasion  of  Alexander, 
and  the  process  is  unifonn  from  the  Himalaya  Mountains  to 
Cape  Comorin.  The  furnace  or  bloomery  in  which  the  ore 
is  smelted  is  from  4  to  5  feet  high.  It  is  somewhat  pear- 
shaped,  being  about  2  feet  wide  at  the  bottom  and  i  foot  at 
the  top.  It  is  built  entirely  of  clay,  so  that  a  couple  of  men 
can  ereA  it  in  a  few  hours,  and  have  it  ready  for  use  the 
next  day.  There  is  an  opening  in  front  about  a  foot  or  more 
in  height,  which  is  built  up  with  clay  at  the  commencement, 
and  is  broken  down  at  the  end  of  each  smelting  operation. 
The  bellows  are  usually  made  of  a  goat's  skin,  which  has 
been  stripped  from  the  animal  without  ripping  open  the  part 
covering  the  belly.  The  apertures  of  the  legs  are  tied  up, 
and  a  nozzle  of  bamboo  is  fastened  in  the  opening  formed  by 
the  neck.  The  orifice  of  the  tail  is  enlai^d  and  distended 
by  two  slips  of  bamboo.  These  are  grasped  in  the  hand  and 
kept  close  together  in  making  the  stroke  for  the  blast ;  in  the 
returning  stroke  they  are  separated  to  admit  the  air.  By 
working  bellows  of  this  kind  with  each  hand  alternately, 
a  pretty  uniform  blast  is  produced.  The  bamboo  nozzles  of 
the  bellows  are  inserted  into  tubes  of  clay,  which  pass  into 
the  furnace  at  the  lower  comers  of  the  temporary  wall  in 
front.  The  furnace  is  filled  with  charcoal,  and  a  lighted 
coal  being  placed  before  the  nozzles,  the  mass  in  the  interior 
'is  soon  kindled.  As  soon  as  this  is  accomplished,  a  small 
portion  of  the  ore,  previously  moistened  with  water  to  prevent 
it  from  running  through  the  charcoal,  but  without  any  flux 
whatever,  is  laid  on  the  top  of  the  coals,  and  covered  with 
charcoal  to  fill  up  the  furnace. 

In  this  manner  ore  and  fuel  are  supplied,  and  the  bellows 
are  worked  for  three  or  four  hours,  when  the  process  is  stopped  ; 
the  temporary  wall  in  front  being  broken  down,  the  bloom 
of  more  or  less  carbonised  iron,  about  40  lbs.  in  weight,  is 
removed  by  a  pair  of  tongs  from  the  bottom  of  the  furnace. 
It  is  then  beaten  with  a  wooden  mallet  to  separate  from  it 
as  much  of  the  scoria  as  possible,  and  while  still  red-hot,  it 
is  cut  through  the  middle,  but  not  separated,  the  incision 
being  merely  to  show  the  quality  of  the  interior  of  the  mass. 
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In  this  state  it  is  sold  to  the  blacksmith,  who  makes  it  into 
bar-iron.  The  proportion  of  such  iron  made  by  the  natives 
bom  zoo  parts  of  ore  is  about  15  parts,  or  about  12  per  cent 
of  very  pure  wrought -iron. 

In  converting  the  wrougbt-iron  into  steel,  the  natives  cut 
it  into  small  pieces  to  enable  it  to  pack  better  in  the  crucible, 
which  is  formed  of  refraflory  clay  mixed  with  a  large  quan- 
tity of  charred  husk  of  rice.  It  is  seldom  charged  with  more 
than  a  pound  of  iron,  which  is  introduced  with  a  proper 
we^ht  of  dried  wood  chopped  small,  and  both  are  covered 
with  one  or  two  green  leaves,  the  proportions  being,  in 
general,  10  parts  of  iron  to  one  of  wood  and  leaves.  The 
mouth  of  the  crucible  is  then  stopped  with  a  handful  of  tem- 
pered clay,  rammed  in  very  closely  to  exclude  the  air.  The 
wood  preferred  is  the  Cassia  auriculata,  and  the  leaf  that  of 
the  AsclepiasgiganUa,  or  the  Convolvulus  lauri/oHus.  According 
to  Fremy,*the8e  plants  are  rich  in  nitrogen  and  phosphorus, 
which  substances  are  said  to  facilitate  the  formation  of  steel 
(page  23).  As  soon  as  the  clay  plugs  of  the  crucible  are 
dry,  from  twenty  to  twenty-four  of  them  are  built  up  in  the 
fonn  of  an  arch  in  a  small  blast  furnace.  They  are  kept 
covered  with  charcoal,  and  subjected  to  heat  ui^ed  by  a  blast 
for  about  2^  hours,  when  the  process  is  considered  to  be 
complete.  The  crucibles  are  now  taken  out  of  the  furnace 
and  allowed  to  cool ;  they  are  then  broken,  and  the  steel  is 
found  in  the  form  of  a  cake  rounded  by  the  bottom  of  the 
crucible.  When  the  fusion  has  been  perfedl,  the  top  of  the 
cake  is  covered  with  striee  radiating  from  the  centre,  and  is 
free  from  holes  and  rough  projedlions ;  but  if  the  fusion  has 
been  imperfetfl,  the  surface  of  the  cake  has  a  honey-comb 
appearance,  with  projedling  lumps  of  malleable  iron.  On 
an  average,  four  out  of  five  cakes  are  more  or  less  defective. 
Attempts  have  been  made  in  London  to  corredt  these  imper- 
feAions  by  re-melting  the  cakes,  and  running  them  into 
ingots ;  but  it  is  obvious  that  when  the  cakes  consist  partly 
of  malleable  iron  and  partly  of  unreduced  oxide,  simple  fusion 
cannot  convert  them  into  good  steel.    When,  however,  care 

*  DiNGi..,  Bd.  164,  p.  187. 
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is  taken  to  seleA  only  such  cakes  as  are  perfeA,  to  re^melt 
them  thoroughly,  and  tilt  them  carefully  into  rods,  an  article 
has  been  produced  which  possesses  in  an  eminent  degree  all 
the  requisites  of  fine  steel.  In  the  supplement  of  the  "  Ency- 
clopoedia  Britannica,"  article  Cutlery,  the  late  Mr.  Stoddart, 
of  the  Strand,  a  very  competent  judge,  declared  "  that  for 
the  purposes  of  fine  cutlery  it  is  infinitely  superior  to  the 
best  English  cast-steel." 

The  natives  prepare  the  cakes  for  being  drawn  into  bars  by 
annealing  them  for  several  hours  in  a  small  charcoal  furnace 
actuated  by  bellows,  the  current  of  air  being  made  to  play 
upon  the  cakes  while  turned  over  before  it.  By  this  means 
a  portion  of  the  combined  carbon  is  dissipated,  and  the  steel 
is  softened  ;  without  this  operation  the  cakes  would  break  in 
the  attempt  to  draw  them  ;  they  are  drawn  out  by  a  hammer 
weighing  a  few  pounds. 

The  quality  of  the  steel  is  judged  of  by  the  designs,  and 
by  the  colour  of  the  interstices  between  the  lines,  but  the 
best  criterion  is  the  hues  of  the  steel. 

Indian  woot2  steel  is  chiefly  employed  for  the  manufacture 
of  sword  blades  ;  its  chemical  nature,  as  well  as  its  physical 
properties,  are  not  sufficiently  known,  and  its  high  repute  is 
undoubtedly  owing  to  the  superior  quality  of  the  wrought- 
iron,  from  which  the  steel  is  produced  with  great  care  and  in 
small  quantities  only,  as  well  as  to  the  circumstance  that 
the  steel  has  been  fused,  and  perhaps  also  to  the  presence 
of  certain  substances  which  have  been  determined  by 
analyses.  We  have  given  some  analyses  of  the  steel  on 
page  29,  to  which  the  following  may  be  added  : — 

I.  II.  III.       IV.  V.  VI. 

Silicon    ....      —         —        —        —      —  0'O43 

Manganese .     .     .   0*218    trace    trace    0"i4   trace  — 

Nickel     ....   0*079     o'oi     0*140  o*i6  0*078  — 

Tungsten     .    .    .   0*051      —      trace   trace  trace  — 

Sulphur ....      —        —        —        —      —  0*175 

Arsenic  ....      —        —        —        —       —  0*036 
No.  I  and   z  are  wootz    regulus  from  Constantinople, 

analysed  by  Luynes.     No.  3,  the  same,  from  Persia.  No.  4, 


,;  Google 


PRODUCTION  OP  DAUASKBD  STBBL.  229 

a  lai^  blade  of  an  Indian  da^er.    No.  5,  a  Persian  blade. 
No.  6,  Indian  wootz,  by  Henry. 

Attempts  have  been  made  in  England  to  produce  steel 
from  Indian  magnetic  ores ;  the  ores  were  smelted  for  the 
production  of  pig-iron,  which  was  then  fined  and  cemented  ; 
but  the  resulting  steel  was  not  equal  in  quality  to  the  Indian 
wootz. 

The  real  damasked  blades  are  said  to  be  hardened  while 
in  a  red-hot  state  by  fixing  them  to  a  wheel,  which  is 
rapidly  turned. 

The  following  methods  are  more  or  less  successfully  em- 
ployed to  produce  imitations  of  damasked  steel : — 

Luynes*  wholly  and  successfully  adopted  the  Indian 
process,  by  fusing  soft  iron  together  with  carbon  and  com* 
pounds  of  tungsten,  nickel,  and  manganese.  The  produAion 
of  the  damasked  steel  was  chiefly  due  to  the  manganese, 
by  which  a  large  proportion  of  carbon  was  introduced  into  the 
steel,  without  impeding  its  duAility. 

Br£antt  produced  excellent  damasked  steel,  very  similar 
to  the  real  metal,  by  fusing  loo  parts  of  iron  with  2  parts 
of  lamp-black,  or  by  the  fusion  of  pig-iron  with  oxidised 
filings. 

Clouet.  Hachette,!  and  MilleH  weld  hard  and  soft  steel 
plates  together,  thus  producing  damasked  steel  which  excels 
in  flexibility,  elasticity,  and  hardness,  but  it  does  not  possess 
the  watered  designs  of  the  real  damasked  blades. 
'  At  the  River  Don  Steel  Works,  in  Sheffield,§  cast-steel  is 
largely  made  by  the  method  introduced  by  Mushet  in  iSoi, 
which  consists  in  melting  malleable  scrap  iron  with  charcoal 
and  oxide  of  manganese  in  crucibles,  dtreiftly,  without  using 
any  blister  steel.  The  furnaces  are  2S8  in  number,  each 
being  of  sufficient  size  to  contain  two  pots,  charged  with 
100  lbs.  With  the  whole  number  at  work,  a  casting  of 
25  tons  weight  may  be  made,  the  pouring  from  the  576  pots 
being  completed  in  five  minutes.     In  order  to  keep  up  the 

'  Bgwkfd.,  ix..  My     Kakst.,  Arch.,  i  R.,  vt.,  316,  401 ;  xiv.,45G. 

{  Bgwkfd.,  v.,  39a. 

I  Ibid.,  v.,  391. 

t;  Ibid.,  v.,  160. 

S  Baubrman,  Metalliugy  of  lion,  p.  361. 
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supply,  the  pots  are  conveyed  from  their  melting  holes  to 
the  casting  place  on  small  barrows,  insteEid  of  being  carried 
by  the  tongs,  as  was  formerly  the  custom.  The  steel  pro- 
duced is,  to  a  great  extent,  employed  in  making  castings 
for  immediate  use,  such  as  railway  crossings,  wheels,  and 
bells,  instead  of  being  merely  run  into  ingots  to  be  subse- 
quently worked  up  under  the  hammer.  The  moulds  used 
for  this  purpose  are  made  sufficiently  refraftory  by  the  use 
of  a  thia  layer  of  burnt  clay,  produced  by  grinding  old 
melting  pots;  this  is  applied  immediately  over  the  pattern, 
the  remainder  of  the  box  being  filled  with  ordinary  moulding 
sand.  This  method  of  steel  casting  was  first  practised  at 
Bochum,  in  Westphalia,  where  it  is  still  carried  out  on 
a  very  large  scale.  Castings  made  to  pattern,  and  not 
intended  to  be  subsequently  hammered,  must  be  annealed, 
and  allowed  to  cooi  very  slowly. 

REPINING  OF   NATURAL,  PUDDLED,  AND  CEMENT 
STEEL.. 

These  kinds  of  raw  steel  are  sometimes  employed  direft, 
but  if  a  greater  uniformity,  that  is  to  say  a  better  quality,  is 
required,  they  are  previously  refined.  The  refining  may  be 
effefted  either  by  piling  and  welding  (shear  steel),  or  by 
re-melting  (cast-steel). 

On  page  5,  we  have  stated  that  the  quality  of  shear 
and  cast-steel  may  be  the  same  if  faultless  raw  materials 
are  used  for  their  production,  but,  for  some  purposes,  shear 
steel  is  preferred  (page  6). 

When  an  inferior  raw  material  has  been  employed,  the 
operation  of  re-melting  yields  a  more  uniform  produ(5t  than 
that  of  welding.  The  latter  necessitates  a  greater  con- 
sumption of  fuel  and  time ;  the  shear  steel  is  more  liable  to 
contain  intermixed  slag  and  foreign  substances,  chiefly  ash, 
which  is  carried  along  vrith  the  draught,  and  the  result 
depends  less  on  the  method  employed  than  on  the  skill  of 
the  workmen  ;  the  production  of  refined  steel  by  piling  and 
welding  is,  thefefore,  less  safe,  and  not  in  just  proportion  to 
the  expense  and  the  good  quality  of  the  produdl  really  ob- 
tained ;    for  this  reason  shear  steel  can  scarcely  compete 
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with  cast-Steel.  In  the  welding  process,  the  oxidising  re- 
aAion  of  the  flame  is  a  great  disadvantage,  causing  the 
shear  steel  to  become  poorer  in  carbon ;  it  is,  therefore, 
advisable  to  refine  those  sorts  of  steel  which  easily  lose  their 
steely  nature  (for  instance,  some  kinds  of  inferior  cement 
steel,  page  41),  by  re-melting  instead  of  welding. 

The  operation  of  re-melting  causes  the  combination  of  iron 
and  cartion  to  become  more  intimate,  so  that  the  carbon  is 
less  liable  to  bum  out. 

For  the  purpose  of  producing  steel  in  large  masses, 
puddled  steel  is  in  most  cases  re-melted  instead  of  being 
welded,  as  such  steel  requires  to  be  perfetflly  sound,  and,  to 
a  certain  degree,  uniform,  properties  which,  in  a  large  pro- 
duftion,  are  better  secured  by  re-melting  than  by  welding. 
At  Neuberg  and  Donnersbach,  attempts  have  lately  been 
made  to  produce  greater  masses  of  shear  steel  cheaply  by 
heating  large  piles  in  reverberatory  furnaces,  and  hammering 
them  under  a  steam  hammer. 

Malmedie  states  that  cast-steel  produced  from  cement 
steel  is  preferable  to  that  obtained  from  puddled  steel,  as  it 
is  better  able  to  bear  a  variable  expansion  and  contraction ; 
this  is  chiefly  important  in  castings  of  an  irregular  or  compli- 
cated shape,  part  of  which  only  are  hardened,  while  the 
remaining  part  is  left  soft. 

Refining  the  Raw-Steel  by  Welding  and  Hammering 
or  Rolling. 

The  piles  for  the  purpose  of  welding  the  steel  are  formed 
either  of  square  or  of  flat  bars,  2  or  2^  inches  broad  and 
from  ^  to  }  of  an  inch  thick ;  flat  bars  are  most  commonly 
employed  and  are  to  be  preferred,  especially  if  they  are  of 
fine  dimensions,  so  that  the  pile  is  formed  of  a  greater 
number  of  bars. 

If  the  bars  are  not  perfectly  straight,  they  require  to  be 
heated  in  open  fires  or  in  reverberatory  furnaces,  and  then 
straightened  under  hammers  or  rolls. 

Id  Styria,  the  piles  weighing  30  or  32  lbs.  are  about  15  inches 
long  and  5  to  8  inches  high  ;  their  outside  is  formed  of  steel 
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bars  rich  in  carbon.  The  piles  are  firmly  wedged  in  an  iron 
hoop,  which,  at  a  later  period  of  the  process,  is  again  re- 
moved. 

In  some  places,  Styria  for  instance,  the  re-heating  of  the 
piles  is  effeiiled  in  open  hearths  like  the  finery  hearths;  on« 
pile  is  placed  before  the  tuyere  whilst  a  second  pile  is  sub- 
mitted to  a  preparatory  heating ;  the  blast  enters  the  hearth 
at  an  inclination  of  8  or  lo  degrees,  and  with  a  pressure  of 
9  or  12  inches  of  water ;  charcoal  is  employed  as  fiiel.  As 
soon  as  the  pile  attains  the  welding  temperature,  it  is  dusted 
over  with  finely-pounded  clay  or  with  quartz  sand,  in  order  to 
prevent,  as  far  as  possible,  superficial  oxidation  and  consequent 
decarbonisation  ;  in  this  case  the  steel  will  remain  hard,  but 
if  the  produdtion  of  softer  steel  is  designed,  hammer  slag  or 
finely  divided  slag,  rich  in  oxide  of  iron,  is  thrown  on  the 
pile  instead  of  sand  or  clay. 

The  English "  hollow  fires  employed  for  refining  piled-up 
bars  of  cement  steel  30  inches  long,  2  inches  broad,  and  {  of 
an  inch  thick,  are  heated  with  coke,  while  mineral  coal  ts 
used  for  straightening  the  cement-steel  bars. 

At  Neuberg,*  reverberatory  furnaces  are  provided  with 
hearths  of  sand  and  with  direA  firing,  and  at  Donnersbachl 
the  furnaces  are  heated  with  waste  gases  of  other  furnaces. 
From  13  to  14  cwts.  of  refined  steel  are  produced  in  24  hours, 
the  raw  steel  employed  having  lost  10  per  cent  in  weight. 
As  the  beating  is  effp 6ted  in  a  shorter  time  the  resulting  steel 
is  harder,  and  pieces  of  larger  sei5lion  may  be  worked. 

A  Styrian  re-heating  hearth  yields  only  7  or  8  cwts.  of 
refined  steel  in  24  hours,  at  a  loss  in  weight  of  from  5  to 
8  per  cent,  and  at  a  consumption  of  about  25  or  27  cubic 
feet  of  soft  charcoal  per  cwt.  of  refined  steel. 

As  the  common  reverberatoiy  furnaces  are  liable  to  pro- 
mote oxidation,  it  is  advisable  to  employ  a  smoky  flame;  blast 
under  the  grate  is  likewise  advantageous,  as  in  this  case  the 
grate  may  be  filled  up  higher  with  coal. 

Before  the  pile  has  attained  the  full  welding  heat  it  is 

*  Outerr.  Ztachr.,  iSjC,  No.  iG. 

t  Ibid.,  iMi,  Hot.  11,  36.    Lbob.,  JtliTb.,  t86o,  ix.,  178. 
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trithdravm  one  or  more  times  from  the  fire  and  beaten  with 
a  small  hand  hammer,  for  the  purpose  of  consolidating  it ;  it 
is  then  returned  to  the  fire,  and  being  raised  to  the  full  heat 
it  is  worked  under  a  hammer  weighing  about  2  cwts.,  and 
making  i8o  or  200  blows  per  minute,  mth  a  12-inch  stroke, 
in  order  to  condense  the  pile  without  materially  decreasing 
its  section ;  this  treatment,  if  required,  is  repeated  several 
times  at  subsequent  heats ;  the  pile  is  then  drawn  out  to  a 
finished  bar. 

Lai^er  piles  which  are  heated  in  reverberatory  furnaces, 
are  condensed  and  consolidated  under  light  hammers,  and 
drawn  out  by  rolling. 

The  texture  of  the  steel  is  modified  according  to  whether 
it  is  rolled  or  hammered.  The  particles  of  the  rolled  steel 
approach  a  spherical  shape,  and  this  steel  (coach  spring  steel) 
combines  great  elasticity  with  strength  to  resist  an  alternate 
bending  in  the  direAion  of  its  thickness.  Hammered  steel 
has  a  finer  and  more  compatfl  texture,  and  is  very  different  in 
appearance;  it  has  a  greater  power  of  resistance  in  all 
directions,  together  with  a  greater  uniformity  and  density. 
The  mode  of  forging  exerts  an  essential  influence  upon  the 
properties  of  the  steel,  which  chiefly  become  apparent  after 
hardening." 

The  steel  thus  refined  is  called  single  shear  steel.  It  may 
be  further  refined  by  doubling  the  bar  and  submitting  it  to  a 
second  welding  and  hammering;  the  result  is  a  clearer  and 
more  homogeneous  steel.  If  the  steel  is  refined  more  than 
three  or  four  times,  its  density  and  proportion  of  carbon  are 
considerably  lessened.  The  manufacture  of  this  steel  is  now 
limited,  mechanics  preferring  a  soft  cast-steel,  which  is  much 
superior  when  properly  manufactured,  and  which  can  be 
easily  welded  to  iron. 

Re-melting  the  Raw  Steel  (Casting  Steel). 

Although  the  Indian  wootz-steel  has  been  in  use  from  a 

yeiy  remote  period,  its  mode  of  production  was  not  known 

'  ^wkM.,  «.,  381. 383,  38g.  394. 
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before  Buchanan's  publication  in  1S07,  and  the  English 
manufacture  of  cast-steel*  must  therefore  be  considered  as 
an  independent  invention. 

This  invention  is  generally  attributed  to  the  English  clock- 
maker,  Benjamin  Huntsman ;  Rinmann  asserts,  however, 
that  the  discovery  vi'as  made  by  a  Gennan  of  the  name  of 
Waller,  who  carried  on  the  business  of  gold  drawer  in 
England,  and  made  his  rolls  of  cast-steel.  Huntsman 
became  acquainted  with  this  secret,  and  established  the 
first  cast-steel  manufat^ory  in  1740,  at  Handsworth,  near 
Sheffield. 

The  manufadlure  of  cast-steel  was  thus  gradually  intro- 
duced and  improved,  and  the  reason  why  many  fonner  trials 
in  other  countries  were  unsuccessful  was,  that  the  raw 
material,  which  forms  the  most  essential  part  in  the  pro- 
dudtion  of  faultless  cast-steel,  was  not  judiciously  chosen. 

As  the  manipulations  which  belong  to  this  produ<5lion 
(melting  in  closed  crucibles,  casting  in  moulds,  mechanical 
treatment)  are  almost  the  same  in  every  instance,  the  different 
kinds  of  cast-steel  depend  entirely  on  the  quality  of  the  raw 
material ;  this  therefore  requires  to  be  carefully  sorted. 
The  sorting  is  more  easily  effected  with  cement-steel  than 
with  the  other  kinds  of  raw  steel  (page  41).  Cast-steel 
has  acquired  great  repute,  chiefly  for  the  manufacture  of 
tools  and  other  fine  articles  requiring  a  combination  of  great 
hardness  with  strength  ;  the  demand  for  it  is  owing  princi- 
pally to  its  careful  assortment,  and  to  the  possibility  of 
producing,  by  re-melting,  a  hard  and  at  the  same  time  homo- 
geneous steel  rich  in  carbon  ;  there  is  always,  however,  this 
disadvantage,  namely,  that  the  proportion  of  carbon  which 
constitutes  the  hardness  and  strength  of  the  cast-steel  cannot 
always  be  determined  beforehand,  owing  to  the  irregular 
quality  of  the  raw  material ;  the  selei^ion  or  sorting  of 


*  The  Uiefiil  Meuli  and  their  Allora,  Loadoo,  1857.  Oesterr.  Zuchr.,  1853, 
pp.  sg,  86,  i73i  368,  377;  1854,  pp.  88,  19B,  367,  393.  Kakst,,  Aich.,  i  R., 
viii.,  343;  3  R.,  XXV.,  318.  DiHOL.,  Bd.  ga,  p.  19.  Lbob.,  Jalub.,  iii.,  307 ; 
Ti.,  83;  sit.,  Ca.  ZtMhr.  del  Ver.  dentBclier  IngenieuK,  1859,  pp.  366,  373. 
□suNiR  et  LAN,  £Ut  prfsent,  Ac. 
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the  material  must  therefore  be  left  to  the  praAiBed  eye  lA  the 
workman. 

Cement  steel  and  natural  steel  are  employed  for  the  pro- 
duAion  of  the  best  kinds  of  toot  steel,  and  puddled  steel 
chiefly  for  the  produdtion  of  steel  in  lat^ge  masses,  but  it 
is  occasionally  used  for  tool  steel.  Again,  cement  steel  is 
preferred  to  natural  steel,  as  it  is  mostly  lower  in  price,  and 
its  degree  of  carbonisation  may  be  regulated  at  wilL 

In  order  to  produce  the  harder  kinds  of  cast-steel  (unweld- 
able  cast-steel)  from  cement  steel,  an  addition  of  spiegel- 
eisen  or  of  coal  powder  is  required,  but  in  English  steel 
works  no  such  addition  is  needed,  as  cement  steel  only  is 
worked,  and  this  is  intentionally  more  highly  carbonised. 
The  best  English  cast-steel  (Huntsman  steel)  is  produced 
from  cement  steel  of  Dannemora  iron.  When  the  production 
of  softer  kinds  of  cast-steel  is  designed,  additions  of  wrougbt- 
iron,  tungsten  (page  33),  titanium  (page  35),  or  of  manganese 
(page  32),  either  as  brown-stone  or  in  the  form  of  carbide 
of  manganese,  are  sometimes  made,  in  order  to  increase  the 
hardness  and  strength,  or  it  may  be  the  hardness  only. 
According  to  Kobler,  steel  increases  in  these  two  properties 
by  an  addition  of  2  or  3  per  cent  of  reduced  tungsten ;  when 
above  3  per  cent  of  tungsten  is  added,  the  hardness  increases 
whilst  the  strength  decreases ;  an  addition  of  6  per  cent 
renders  steel  as  brittle  as  glass. 

According  to  Heath,  the  reaction  of  carbide  of  manganese 
is  chiefly  purifying ;  Ci^ancourt  states  that  a  mixture  of 
carbon  and  brown-stone  readts  favourably,  as  it  forms  car- 
bonic oxide  gas,  which  becomes  absorbed  by  the  liquid  steeL 

The  re-melting  of  steel  neccessitates  the  exclusion  of  air, 
and  consequently  the  application  of  closed  vessels,  and  as 
the  temperature  required  (about  1900°  C.)  is  equal  to  the 
highest  welding  heat,  the  cost  of  fuel  and  crucibles  is 
economically  of  the  greatest  influence  on  the  manufadture 
of  cast-steel. 

The  progress  made  in  the  re-melting  of  steel  principally 
consists  in  a  greater  economy  of  fuel ;  this  is  gained  by  in- 
creasing the  number  and  size  of  the  melting  pots  and  also 
of  the  furnaces,  but  the  greatest  advantage  is  obtained  by 
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applying  Siemens's  regenerative  gas  fiiraaces,  as  by  their 
use  the  consumption  of  fuel  per  ton  of  steel  is  reduced  from 
3J  tons  of  coke  to  ij  tons  of  inferior  slack. 

-The  great  importance  of  melting  larger  quantities  of  steel 
directly  in  reverberatory  furnaces  instead  of  in  crucibles,  may 
be  seen  from  the  following  figures ; — 

The  price  of  cast-steel  is  nearly  one  and  a  half  or  twice  as 
much  as  that  of  the  raw  material.  {If  the  price  of  cast -steel 
is  £3  per  cwt.,  that  of  noble  steel  will  be  about  £z  2s.,  that 
of  cement  steel  £1  i6s.,  and  that  of  puddled  steel  £1  los.). 
The  consumption  of  coke  per  100  lbs.  of  cast-steel  amounts 
to  320  lbs.  in  English  works,  to  from  300  to  500  lbs.  in  France, 
and  from  250  to  300  lbs.  in  Westphalia,  to  550  lbs.  at  Dohlen 
near  Dresden,  to  30D  lbs.  at  Carlswerk  near  Neustadt- 
Bberswalde,  and  to  660  lbs.  at  Sollingerhiitte  in  Hanover. 
One  cwt.  of  coke  costs  in  England  &om  8*5d.  to  is. ;  in 
France  from  2s.  to  2s.  6d.;  in  Belgium  from  lod.  to  2S. ; 
in  Westphalia  from  is.  to  is.  9d. ;  in  Berlin  from  is.  6d.  to 
IS.  8d.  One  cwt.  of  cast-steel  therefore  occasions  a  cost 
for  coke  of  firom  2a.  5d.  to  3s.  2d.  in  England ;  from  $s. 
to  10s.  6d.  in  France ;  from  3s.  2d.  to  4s.  in  Belgium ;  and 
from  2S.  6d.  to  5s.  5d.  in  Westphalia. 

The  price  of  raw  clay  per  cwt.  in  Westphalia  is  as 
follows : — English  and  Scotch  clay  from  gd.  to  is.  2d. ; 
Belgian  clay  from  is.  to  is.  2d. ;  Rhenish  clay  from  6d.  to  yd. 
100  lbs.  of  crucibles  cost  in  Belgium  I28.,  and  the  same 
weight  of  refratflory  bricks  8s. 

A  crucible  capable  of  containing  from  30  to  60  lbs.  of  steel, 
can  be  used  two  or  three  times,  and  occasionally,  though 
very  rarely,  as  many  as  six  times ;  i  cwt.  of  steel  therefore 
causes  an  expense  of  about  4s.  for  crucibles  and  fire-bricks. 
The  small  capacity  of  the  crucibles  likewise  necessitates  the 
employment  of  a  greater  number,  which  circumstance 
causes  an  increase  in  the  cost  of  labour ;  the  cost  for  melting 
and  casting  amounts  in  England,  f^r  instance,  to  from  3s. 
to  38.  6d.  per  cwt- ;  in  France  from  2s.  yd.  to  2S.  gd. ;  in 
Belgium  from  2S.  2d.  to  2s.  gd. ;  and  in  Westphalia  from 
IS.  6d.  to  2s.  6d.  The  forther  treatment  of  the  steel  ingots 
involves  an  expense  of  from  35.  to  48. 
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These  circuraataoces  justify  the  various  attempts  and 
experiments  to  re-melt  raw  steel  in  reverberatory  furnaces 
with  a  deepened  hearth  and  under  the  cover  of  a  neutral, 
very  liquid  slag  (silicate  of  lime  and  manganese).  We  may 
mention  the  trials  made  by  Johnson,*  Petit,  Gaudet 
and  Co.,t  Barrault,!  and  by  Sudre||  at  Montataire.  (See 
also  page  20i). 

The  majority  of  these  trials  showed  the  following  disad- 
vant^es : — A  quick  corroding  of  hearth  and  furnace  walls, 
a  want  of  uniformity  in  the  operation  and  the  products,  too 
strong  a  heat  at  the  flue,  and  too  little  at  the  sole  of  the 
furnace.  When  the  latter  heat  was  to  be  increased,  it  was 
necessary  to  employ  smaller  charges,  thus  sacrificing  one 
great  advantage  of  the  reverberatory  furnace. 

Barrault  states  that  the  consumption  of  coal  still  amounted 
to  300  lbs.  per  100  lbs.  of  cast-steel,  and  the  charges  at 
Montataire  could  not  exceed  the  weight  of  from  400  to 
600  kilos. 

The  application  of  gas  made  from  coal,  and  of  hot  blast^  is 
said  to  enable  20  cwts.  of  steel  to  be  melted  in  3  or  4  hours,  at 
a  consumption  of  only  zoolbs.  of  coal  per  lop  lbs.  of  cast-steel; 
besides  all  the  cost  for  crucibles,  two-thirds  of  the  cost  for 
fire-bricks,  and  half  of  that  for  labour  and  tools  were  saved. 

The  difficulty  of  producing  cast-steel  of  the  best  quality 
in  reverberatory  furnaces  has  not  yet  been  overcome,  and 
its  importance  has  diminished  since  the  introduAion  of  the 
Bessemer  process. 

Requisitions  in  the  Casting  of  the  Steel. — The  casting 
of  the  steel§  forms  one  of  the  most  important  manipulations 
in  the  whole  process,  and  a  certain  precaution  is  required  to 
obtain  compaft  and  properly  weldable  ingots.  The  higher 
the  temperature  at  which  the  liquid  steel  has  been  melted 
the  more  gas  it  absorbs,  and  on  cooling  it  to  a  certain 
degree,  the  gas  is  given  off  with  the  appearance  of  more  or 

*  DwoL.,  Bd.  159,  p.  107.    Harth.,  Poittchr.,  iii.,  353. 
i  OivKiR  et  Lan,  etat  priaent  de  U.  HtiMatgie  dn  fer  en  Angletnre,  1863. 
t  B.  n.  h.  Ztg.,  1859,  pp.  40g ;  1861,  p.  407. 

i  Ann.  d.  Hin.,  6  »6i.,  aim.  de  1S63.    Dinol.,  Bd,  154,  p.  107 ;  Bd.  167, 
p_  347,    Grumer  et  Lan,  £tat  prtunt,  ftc.,  p.  781. 
{  HuTH.,  FortBchr.,  iii.,  356. 
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less  stroGg  scintillations  (stronger  tban  with  pig-iron,  owing 
to  the  great  number  of  burning  particles  of  metal)  depending 
on  the  proportion  of  carbon  contained  in  the  steel ;  blisters 
are  then  formed  either  at  the  end  of  the  ingot  only,  or  over 
its  whole  length,  as  on  pouring  the  steel  into  the  moulds  the 
surface  of  the  metal  is  more  or  less  agitated  by  the  evolu- 
tion of  gas,  until  the  metal  solidifies.  Hard  steel  (for 
instance  cast-steel  produced  from  cement  steel)  shows  the 
fewest  pores,  the  evolution  of  the  gas  bubbles  is  not  very 
strong,  the  surface  of  the  ingot  sinks  on  becoming  solidified, 
till  it  finally  bursts  in  the  middle  where  a  hole  is  formed. 
Soft  cast-steel  evolves  a  greater  namber  of  gas  bubbles,  and 
the  softer  the  steel  is,  the  more  it  undulates  on  being  poured 
into  the  moulds.  When  cooling,  the  metal  rises  in  the 
moulds,  so  that  they  must  be  covered  to  prevent  it 
from  overflowing.  Fluid  burnt  iron  (the  intermediate  pro- 
duct in  the  English  Bessemer  process)  rises  still  more 
vigorously  in  the  moulds. 

Cizancourt*  has  called  attention  to  this  behaviour  of  steel, 
and  upon  it  he  has  founded  a  theoty  of  the  formation  of  this 
metal. 

The  reason  why  hard  steel  absorbs  fewer  gases  than  soft 
steel,  and  emits  them  again  more  perfectly,  and  without 
rising,  is  that  the  fusion  point  of  this  steel  is  lower ;  it  like- 
wise remains  liquid  for  a  longer  time,  and  solidifies  suddenly. 
Soft  steel,  on  the  other  hand,  requires  a  higher  temperature 
for  melting,  and,  on  solidifying,  it  passes  through  an  inter- 
mediate, that  is  to  say,  a  pasty,  state,  which  prevents  the 
frfee  escape  of  the  gases,  thereby  causing  a  stronger  undula- 
tion and  the  formation  of  blisters  in  the  interior  of  the  mass. 
When  oxidising  gases  are  excluded  (air  or  carbonic  acid) 
from  the  interior  of  the  steel,  it  may  be  made  sound  by 
welding  and  hammering  notwithstanding  its  blisters  ;  this, 
however,  is  impossible  if  the  walls  of  the  blisters  are  oxidised. 
Steel  containing  a  small  proportion  of  carbon  is  more  liable 
to  such  oxidation. 

Investigators  differ  in  the  views  which  they  take  of  the 

*  Add.  d.  Min.,  5  livr.  de  1863,  p.  135- 
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nature  and  manner  of  formation  of  the  absorbed  gases. 
Some  assume  that  the  oxygen  of  the  air,  which  is  carried 
into  the  moulds  along  with  liquid  steel  or  intermixed  slag, 
oxidises  the  carbon  of  the  steel  or  of  the  blackening  used  for 
coating  the  moulds,  thus  forming  carbonic  oxide  gas.  Al- 
though this  effetft  may  take  place,  the  great  abundance  of 
the  gas  which,  on  escaping,  bums  with  a  blue  flame,  seems 
to  indicate  that  liquid  steel  probably  absorbs  carbonic  oxide 
gas  just  as  oxygen  is  absorbed  by  silver  and  litharge. 

If  carbonic  acid  and  free  atmospheric  air  are  present  in 
the  melting  vessel,  they  also  may  be  absorbed,  thus  causing 
an  oxidation  of  the  carbon,  and  even  of  the  iron  on  the  walls 
of  the  bubbles;  the  resulting  steel  will  be  softer  and  more  full 
of  bubbles,  and  cannot  be  rendered  sound  by  welding  and 
hammering.  The  burnt  iron  resulting  in  Bessemer's  process 
is  rich  in  oxygen,  and  not  dudlile. 

When  the  degree  of  hardness  in  the  steel  is  intended  to  be 
retained,  on  re-melting,  carbonaceous  substances  must  be 
added,  and  experience  proves  that  a  mixture  of  brown-stone 
with  carbon  (the  latter  in  excess)  is  still  more  effeiftive,  as 
abundant  carbonic  oxide  gas  will  then  be  formed,  which  be- 
comes absorbed  by  the  steel,  and  proteifls  its  carbon  from 
the  readlion  of  the  gases  containing  oxygen.  The  carbonic 
oxide  gas  may  perhaps  be  more  or  less  mixed  with  nitrogen; 
it  may  possibly  also  come  in  contact  with  the  liquid  steel, 
as  the  lids  of  the  crucibles  are  not  hermetically  closed. 
According  to  Malmedie,  the  nature  of  the  crucible  itself 
has  an  influence  on  the  porosity  of  the  steel. 

Caron*  maintains  that  cavities  or  honeycombs  are  pro- 
duced within  the  liquid  mass  by  the  atmosphere  of  the  fur- 
nace, oxidising  iron,  which,  in  conta<5t  with  the  silica  of  the 
crucible,  forms  a  silicate,  and  that  the  silicate  of  iron  is  sub- 
sequently decomposed  by  the  carbon  contained  in  the  steel. 
Id  order  to  prove  this  supposition,  he  melted  steel  in  fire-clay 
crucibles,  and  in  some  cut  out  of  a  solid  lump  of  quick-lime, 
as  well  as  in  others  made  of  magnesia.  He  employed  pieces 
of  steel  taken  from  the  same  bar.     The  crucibles  were  heated 

*  KdHH,  ManDfaanre  of  Steel  and  Iron,  p.  ii6. 
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in  the  same  furnace  under  perfet^ly  uniform  conditions.  The 
steel  was  allowed  to  cool  in  the  crucibles ;  these  were  broken 
when  cold,  and  showed  that  the  steel  had  in  all  cases  been 
in  perfeft  fusion ;  but  the  clay  crucible  had  produced  a  rough 
and  honeycombed  ingot,  while  the  lime  and  magnesia  cru- 
cibles gave  perfectly  sound  ones,  moulded  exactly  to  the 
shape  of  the  vessel. 

In  order  to  obtain  sound  castings  the  following  precautions 
are  observed : — 

a.  The  steel  is  poured  into  the  moulds  at  a  certain,  but 
not  too  high,  temperature,  when  the  greater  part  of  the 
absorbed  gases  have  already  escaped.  If  the  steel  is  very 
hot,  it  is  poured  slowly  in  a  thin  jet  into  the  moulds ;  this 
prevents  it  from  rising,  but  If  its  temperature  is  rather  cool, 
it  is  poured  out  quickly  in  a  thicker  jet.  On  being  cast  slowly, 
less  atmospheric  air  is  carried  along  with  the  steel  into  the 
moulds,  and  time  is  given  for  the  escape  of  the  air  without 
an  undulation  of  the  metal  being  produced. 

b.  The  iron  moulds  must  be  suitably  warmed  in  order  to 
prevent  too  great  a  contradlion  of  the  steel  and  the  formation 
of  honeycombs,  to  which  the  high  temperature  of  the  liquid 
steel  gives  rise. 

c.  The  moulds  after  having  received  the  steel  must  be  at 
once  closed,  in  order  to  exclude  the  air  and  to  mechanically 
prevent  the  escape  of  the  gases  and  the  rising  of  the  metal. 
But  in  spite  of  this  precaution,  a  cavity  will  be  formed  in  the 
centre  of  hard  steel ;  a  better  result  is  obtained  with  steel  of 
medium  hardness,  but  the  remedy  is  perfeftly  useless  with 
burnt  iron  (resulting  from  the  Bessemer  process). 

Mushet*  prevents  the  upper  part  of  the  ingot  from  becoming 
honeycombed  by  casting  a  "  head  "  upon  it  by  means  of  a 
clay  tube. 

Mr.  Joseph  Whitworth  has  patented  an  apparatus  for 
subjedling  steel  to  a  high  pressure  during  the  process  of 
casting,  in  order  to  obtain  sound  castings,  and  to  do  away 
with  the  necessity  for  great  heads  of  metal.  The  process  is 
successfully  carried  out  at  his  works  in  Manchester. 

*  Hartu.,  ForUcbr.,  vi.,  354. 
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Liquid  cast-steel,  on  cooling,  contradts  and  attains  a  peculiar 
crystalline  texture  and  decreases  in  strength.  The  fracture 
appears  granular  and  uneven,  and  when  the  light  is  allowed 
to  ^1  upon  it  in  an  oblique  diredlion,  a  scaly  fibrous  formfl' 
tion,  in  regular  order,  is  clearly  visible,  the  fibres  running 
at  right  angles  towards  the  outer  surface. 

The  difficulty  of  obtaining  an  uniform  casting  increases 
with  the  size  of  the  piece ;  well  trained  and  experienced  men 
are  required  for  pouring  out  the  metal. 

The  method  adopted  by  Krupp,  at  Essen,  Rhenish  Prussia, 
tor  casting  lai^  ingots,  as  well  as  the  carrying  out  of  the 
same  method  in  England,  is  described  in  a  letter  inserted 
in  the  "  Times  "  of  the  5th  of  January,  1869,  of  which  the 
following  is  an  extraA  :— 

"  Not  long  ago  one  of  your  correspondents  gave  an  account 
of  a  visit  to  Kiupp's  Works.  He  saw  the  casting  of  a  16-ton 
ingot  of  steel,  and  I  have  reason  to  know,  accurately  described 
the  process.  The  metal  was  melted  in  crucibles,  as  in  the 
old  and  common  process  of  casting  steel  in  Sheffield.  The 
oi^anisation  was  so  perfect,  that  hundreds  of  crucibles  were 
ready  to  be  taken  out  of  the  furnaces  at  the  same  time,  and 
the  molten  contents  of  each  were  poured  in  quick  succession 
into  a  common  receptacle.  This  done,  the  metal  was  im> 
mediately  let  out  from  that  receptacle  into  the  ingot  mould. 
At  the  International  Exhibition  of  1862,  Krupp  exhibited 
ingots  of  cast-steel  so  produced,  which  surprised  and  delighted 
eveiy  person  experienced  in  the  casting  of  steel.  A  single 
iBgot  weighed  upwards  of  zo  tons,  and  subsequently  at  the 
International  Exhibition  in  Paris  in  1867,  an  ingot  of  much 
greater  weight  was  shown  by  Krupp.  Those  ingots  were  not 
only  lai^e  but  sound,  and  it  was  this  combination  of  qualities, 
enormous  dimensions,  and  entire  soundness  which  made 
them  so  remarkable. 

"  I  have  great  satisfaAion  in  informing  you  that  similar 
ingots  of  cast-steel  are  now  produced  in  our  own  Sheffield, 
and  precisely  in  the  same  maimer  as  at  Essen.  I  have  had 
ocular  demonstration  of  the  faA,  on  the  occasion  of  a  recent 
visit  to  the  well-known  steel  works  of  Messrs.  Firth  and  Sons 
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in  that  town,  in  company  with  several  officers  of  the  Royal 
Artillety.     I  subjoin  an  account  of  what  I  there  witnessed. 

"  The  casting-house  was  reftangular,  and  along  three 
sides  were  io6  furnaces  with  two  smaller  in  each,  the  ingot 
mould  being  in  the  middle.  Each  crucible  contained  about 
50  lbs.  of  molten  steel. 

"  At  a  given  signal  the  pouring  of  the  metal  commenced, 
and  in  16  minutes  the  ingot  mould  had  received  the  contents 
of  the  212  crucibles.  There  was  no  bustle,  no  chattering, 
no  confusion.  The  men — 200  in  number — knew  their  drill, 
and  did  their  duty  without  a  hitch.  The  ingot  weighed 
86  cwts.,  and  was  designed  for  the  steel  tube  of  an  Armstrong 
gun.  It  will  be  observed  that  the  receptacle  employed  by 
Krupp  for  receiving  the  steel  from  the  crucibles  in  the  first 
instance,  was  dispensed  with,  but  that  is  only  a  point  of  minor 
detail.  The  Messrs.  Firth  have  cast  g-ton  and  16-ton  ingots. 
A  9-ton  ingot  is  required  for  the  23-ton  Armstrong  gun.  The 
steel  tubes  are  bored  out  of  solid  ingots,  and  this  is  one 
cause  of  the  costliness  of  our  modem  ordnance.  If  larger 
ingots  of  steel  should  be  required,  they  can  be  made  at  the 
same  establishment.  The  enormous  ingots  of  Knipp  are  to  be 
regarded  as  tours  deforce,  and  vrere  specially  intended  as  such." 

The  writer  of  this  letter  states,  in  conclusion,  that  Messrs. 
Firth  have  expended  about  ,^32,000  in  the  eredtion  of  two 
25-ton  Nasmyth  hammers,  re-heating  furnaces  on  Siemens's 
principle,  and  other  appliances.  The  anvil  block  of  each 
hammer  is  cast-iron,  cast  in  one  piece,  and  weighs  164  tons. 
The  length  of  the  stroke  is  9  feet  6  inches. 

The  Examination  of  Cast-Steel. — Resch  recommends 
the  following  tests  for  judging  of  the  quality  of  cast-steel  ;— 

I,  For  the  determination  of  the  homogeneousness,  which  is 
the  most  important  property  of  cast-steel. 

a.  A  well-forged  piece  of  hard  cast-steel,  ij  inch  square,  is 
heated  up  to  the  welding  heat  and  quenched  in  water ;  it 
must  then  throw  off  all  its  scale  and  appear  with  a  clear 
light  surface,  and  also  be  free  from  cracks. 

b.  The  edge  of  a  chisel  for  cutting  stone,  or  any  other 
sharp  instrument  made  of  hard  cast-steel,  must,  on  being 
used,  wear  off  uniformly. 
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c.  A  flat  piece  of  soft  cast-steel,  about  30  inches  long,  in 
the  form  of  the  blade  of  a  knife,  and  in  section  of  the  shape 
of  a  wedge,  is  raised  to  cherry-red  heat  and  immersed  in 
cold  water,  first  horizontally,  its  thick  side  first,  and  after- 
wards the  whole  piece  is  vertically  dipped  into  the  water  and 
moved  about  in  it  in  a  spiral  manner,  the  back  of  the  piece 
of  steel  being  kept  in  front.  On  becoming  cool  the  steel 
should  not  be  warped,  and  if  such  is  the  case,  it  must  adroit 
of  being  perfectly  straightened  without  breaking,  when 
raised  to  higher  temperature. 

d.  A  piece  of  cast-steel  is  raised  to  a  yellow  heat  and 
allowed  to  cool  slowly ;  it  is  is  then  notched,  and  a  piece 
is  broken  off  by  means  of  a  heavy  hammer,  when  the  fratfture 
must  be  perfedlly  uniform  in  texture,  in  hard  as  well  as  in 
soft  steel.  As  the  grain  of  inferior  non-uniform  steel  may 
be  rendered  fine  by  a  great  deal  of  hammering,  this  test 
requires  the  steel  to  be  previously  heated  and  cooled  slowly. 

e.  Two  pieces  of  steel,  one  forged  in  a  flat  and  rectangular, 
and  the  other  in  a  prismatic  shape,  are  heated  to  bright 
redness  and  cooled  quickly,  when  their  surface  must  be  free 
from  cracks. 

/.  Upon  dipping  a  welNpolished  piece  of  steel  in  dilute 
hydrochloric  acid,  and  again  cleaning  its  surface,  the  texture 
must  be  perfedtly  uniform.  In  non-uniform  steel  the  hard 
parts  attain  a  darkish  tint  sooner  than  the  soft  ones. 

2.  For  the  determination  of  the  strength  and  tenacity  : — 

a.  A  rolled  bar  of  cast-steel,  for  instance,  is  hardened 
when  heated  to  light  redness  ;  when  cold,  one  of  its  ends  is 
notched  and  sharply  broken  off;  the  fra^ure  must  then  show 
a  uniform  fine-grained  texture.  The  original  unhardened  as 
well  as  hardened  steel,  when  heated  up  to  purple  colour  and 
afterwards  allowed  to  cool  slowly,  must  show  a  fine  lamellar 
testure,  and  not  a  light  and  fibrous  one.  Coarse,  and  even 
scaly  grains  indicate  a  friable  steel ;  steel  of  little  strength 
and  tenacity  shows  short  coarse  fibres,  with  angular  grains, 
instead  of  the  fine  lamellar  texture.  A  fradture  that  is  not 
clearly  grey,  but  white  and  glittering,  indicates  that  the 
steel  is  approaching  wrought-iron. 

b.  When  a  piece  of  hard  cast-steel  is  heated  up  to'  a 
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yellow  heat,  and  hammered  until  it  glows  but  slightly,  the 
piece  must  remain  sound,  without  breaking  asunder  or 
cracking  at  the  edges.  If  bard  cast-steel  admits  of  ham- 
mering at  a  yellow  heat,  and  becomes  unsound  as  soon  as 
the  temperature  sinks  to  red  heat,  the  steel  is  red-short;  and 
it  is  cold-short  if,  on  hammering  at  a  further  decrease  of 
temperature,  it  cracks  at  the  edges.  Soft  cast-steel  forged 
out  at  a  yellow  heat  must  remain  sound  when  bent  and 
hammered  tt^ether. 

c.  Soft  cast-Bteel  is  the  more  dufiile  if  it  can  be  rolled  outto 
a  great  breadth  in  proportion  to  its  thickness;  and  the  more 
elastic,  the  shorter  the  radius  of  the  curve  to  the  thickness 
of  the  steel  bar,  if  attempts  are  made  to  bend  a  very  thin 
bar  into  a  semicircle. 

3.  For  the  determination  of  the  natural  hardness  of  the 
steel,  and  of  its  property  of  hardening,  combined  with  the 
requisite  elasticity: — 

a.  The  natural  hardness  which  cast-steel  attains  in  the 
process  of  its  prodiiAion  depends  on  the  proportion  of  carbon, 
and  again,  is  intimately  connedted  with  the  degree  of  hard- 
ness which  the  metal  attains  on  being  subsequently  heated 
to  a  suitable  temperature  and  quenched.  The  best  hard  cast- 
steel  attains  its  appropriate  hardness  by  being  heated  to  a 
light  red  heat  (rose-red)  and  then  quenched,  whilst  soft  cast- 
steel  acquires  its  greatest  hardness  by  being  heated  up  to 
cherry  redness.  The  common,  unreliable,  hard  cast-steel 
requires  to  beheated  from  light  redness  up  to  yellow,  and  even 
to  welding  heat,  in  order  to  become  sufficiently  hard.  The 
best  soft  cast-steel  which  attains  no  great  hardness,  but  on 
the  other  hand,  great  tenacity  and  elasticity,  is  quenched 
in  water  whilst  at  a  cherry-red  heat,  and  even  at  the  lower 
brown  heat. 

6.  Hard  cast-steel  is  forged  into  a  turning  tool,  one  end  of 
which  is  fashioned  to  a  right  angle  by  a  prolonged  hammering; 
this  treatment  is  continued  until  the  steel  ceases  to  glow, 
when  it  is  quenched  in  water.  The  sharp  end  of  the  tool 
is  now  ground  and  the  steel  hardened  at  a  red  heat;  it  must 
then  be  able  to  attack  a  hard  roll  without  breaking  off,  or 
without  the  edges  becoming  blunt.      The  other  end  of  the 
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same  steel  is  then  fanned  into  a  sharp  edge  without  wet 
hammering  and  fot|^ng ;  it  is  hardened  at  a  cherry-red  heat 
and  ground ;  the  edge  must  then  neither  wear  nor  break  off 
easily,  in  cutting  either  grey  cast-  iron,  common  wrought-iron, 
or  unhardened  steel. 

c.  A  somewhat  flat  piece  of  steel  but  little  hammered  or 
rolled  (as  an  inferior  cast-steel  on  strong  hammering  becomes 
denser,  attains  a  finer  grain,  and  then  requires  a  lower 
temperature  for  being  hardened),  is  formed,  when  hot,  into  a 
cutting  chisel  of  acute  angle ;  it  is  heated  to  a  brown  heat  and 
hardened,  attaining  on  the  edge  only  just  sufficient  hardness 
to  attackwrought-iron,andtoallow  of  impressions  being  made 
on  the  edge  by  means  of  a  hammer  without  breaking  the  edge 
off.  The  chisel  hardened  at  cherry-red  heat  must  be  capable 
of  cutting  hard  cast-iron  without  breaking  off  its  edges. 

d.  On  hardening,  steel  usually  requires  to  be  heated  up 
to  rose-red  and  cheriy-red  heat,  and  a  praised  eye  is  re- 
quired to  determine  the  proper  temperature.  The  following 
rules  must  be  observed  in  this  operation : — As  a  hollow  fire 
allows  the  blast  to  reatft  upon  the  steel,  only  small  coal  of 
uniform  si2e  must  be  used  for  firing,  and  this  coal  must  be 
in  full  ignition  at  the  same  time  in  order  to  heat  the  article 
quickly  and  uniformly ;  when  pieces  of  complicated  size  are 
treated,  the  thickest  parts  must  be  heated  first,  and  when 
large  and  long  pieces  are  heated  they  must  be  carefully  and 
uniformly  moved  to  and  fro  in  the  fire.  The  heat  required 
for  hardening  with  its  charaAeristic  colour,  must  show 
itself  in  the  fire  whilst  the  place  is  in  a  sort  of  twilight ;  the 
water  employed  for  hardening  must  not  be  below  o'  C,  and 
its  quantity  must  be  proportionate  to  the  size  of  the  steel 
article,  so  that  it  does  not  become  too  warm,  and  bulky 
enough  to  well  enclose  the  article  to  be  hardened,  as  small 
quantities  of  water  are  liable  to  be  repelled  by  the  formation 
of  steam..  No  complete  hardening  takes  place  if  the  article 
to  be  hardened  is  thrown  on  the  bottom  of  the  vessel  which 
contains  the  water,  owing  to  the  contact  between  the  article 
and  the  vessel. 

e.  On  heating  the  hardened  steel,  the  five  known  tempering 
colours  may  be  observed  with  the  increase  of  the  temperature, 
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namely,  yellow  (very  pale,  pale  straw,  and  full  yellow) 
dark  yellow  or  brown,  purple,  bright  blue,  and  dark  blue. 
In  treating  hard  cast-steel,  only  the  first  or  second  temper 
colour  must  be  employed  in  order  to  obtain  the  suitable 
degree  of  hardness  and  tenacity,  as  the  application  of  the 
higher  temper  colours,  up  to  dark  blue,  is  injurious,  causing 
the  hardened  article  to  be  little  relied  00.  With  soft  cast- 
Bteel,  the  higher  temper  colours  may  be  employed. 

In  order  to  be  able  properly  to  judge  of  the  purpose  and 
nature  of  the  temper-colour  of  steel,  the  article  must  be 
brightly  polished,  and  uniformly  heated  in  a  good  fire  fed 
with  small  equal  8i2ed  pieces  of  coal,  and  the  temper-colour 
must  be  perceptible  even  in  the  fire. 

Materials  for  the  Manufa(5hire  of  Cast-Steel. 

I.  Raw  Steel. — The  most  desirable  material  for  the  manu- 
facture of  steel  for  tools  and  instruments,  is  cement  steel 
produced  from  superior  wrought-iron,  and  this  for  the 
reasons  stated  on  page  235  ;  the  desired  quality  of  cast-steel 
may  be  produced  from  cement  steel,  according  to  its  pro- 
portion of  carbon,  without  the  application  of  special  fluxes. 

Well-assorted  finery  steel  (page  36)  may  yield  a  produdt 
of  equally  good  quality,  but,  in  order  to  produce  the  different 
sorts  of  harder  and  softer  cast-steel,  an  addition  of  wrought- 
iron,  carbon,  or  very  pure  white  pig-iron  is  required. 

Puddled  steel  forms  the  chief  material  for  the  produftiOn 
of  large  castings,  or  of  cast-steel  for  machinery ;  it  may  also 
by  itself  yield  the  better  qualities  of  cast-steel,  and,  when 
melted  with  an  addition  of  natural  steel,  may  afford  a  very 
good  tool  steel. 

The  hardened  steel  bars,  about  J  of  an  inch  square,  are 
broken  into  pieces  8  or  lo  inches  long,  and  sorted  according 
to  the  appearance  of  their  fraflure  and  surface.  Natural 
steel  (page  41)  is  more  difficult  to  assort  than  cement  steel,* 
which,  when  taken  from  the  bottom  of  the  cementation  pots, 
is  of  coarser  grain  than  the  bars  lying  on  the  top ;  the 
higher  its  state  of  carbonisation,  the  whiter  and  duller  the 

*  OeMerr.  Zt«chr.,  1S64,  No.  iG. 
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cement  steel  ia.  A  bright  bluish  frafture  indicates  a  low 
degree  of  carbonisation.  Steel  containing  many  blisters 
usually  indicates  that  the  bars  used  for  cementation  had 
been  badly  forged  out,  as  the  larger  amount  of  slag  facili- 
tates the  formation  of  carbonic  oxide. 

The  assorted  short  bars  of  steel  are  broken  into  pieces 
3  or  3  inches  long,  by  means  of  a  heavy  maUet,  the  bars 
being  laid  into  the  grooves  of  a  cast-steel  anvil,  which 
correspond  to  the  seAion  of  the  bars ;  sometimes,  also, 
longer  pieces  are  placed  vertically  on  the  walls  of  the 
crucibles. 

2.  Fuel.— In  melting  steel  it  is  not  only  necessary  to 
produce  the  required  temperature,  but  to  produce  it  as 
rapidly  as  possible,  as  the  fusion  does  not  take  place  before 
it  is  attained. 

Soft  steel  requires  a  Higher  heat  than  hard  steel  which  is 
richer  in  carbon ;  the  quality  of  steel  desired  exercises, 
therefore,  an  essential  influence  on  the  consumption  of  fuel, 
as  well  as  on  some  other  points. 

Owing  to  its  high  pyrometric  effedts.  Coke  is  most  com- 
monly employed  as  fuel.  The  coke  must  be  compact,  with 
but  little  small  coke  intermixed,  and  as  free  as  possible  from 
ash.  When  blast  is  employed  under  the  grate  of  the  air 
draught  furnaces,  combustion  takes  place  less  uniformly  than 
when  draught  only  is  applied,  as  the  grate  is  more  liable 
to  become  obstruAed  by  .slag,  is  more  difficult  to  clean,  and 
the  slag  may  form  a  sort  of  tuyere  conducting  the  blast 
against  the  crucibles,  and  thus  corroding  them.  In  a  new  fur< 
nace  from  250  to  300  lbs.  of  coke  per  100  lbs.  of  steel  are 
consumed,  and  325  or  350  lbs.  of  coke  in  a  furnace  which 
has  become  much  enlarged  by  use. 

Charcoal  was  formerly  generally  employed  in  Austria.* 
When  draught  only  is  employed,  it  is  difficult  to  produce  the 
required  temperature,  but  this  may  be  effedled  with  a  con- 
siderable economy  in  fuel  when  hot  blast  is  applied  under 
the  grate.     From  200  to  226  lbs.  of  pine-wood  charcoal  per 


*  Vordernberg.  Jahrb.,  1843,  iii. ;  1846,  vi.    Leob.,  Jabrb.,  1S57,  ^ 
Csuiuu  et  Lan,  tut  pr6wnt,  &c.,  1S63,  p.  760. 
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ioo  lbs.  of  steel  were  conaumed,  and  150  or  175  lbs.  only, 
when  the  operations  were  continued  for  a  week. 

Bituminous  Mineral  Coal,  poor  in  ash,  has  been  advan* 
tageously  employed  in  France*  for  the  last  few  years,  blast 
being  applied  under  the  grate,  but  the  fiatne  must  be  con- 
du<£ted  round  the  lower  part  of  the  crucible  by  a  suitable 
construflion  of  the  flue,  as,  otherwise,  unmelted  lumps  of  steel 
will  remain  at  the  bottom  of  the  crucible.  Firing  with 
mineral  coal  admits  of  a  greater  number  of  crucibles,  the 
manipulation  is  less  troublesome,  and  the  waste  heat  may 
be  employed  for  the  produAion  of  steam.  One  pound  of 
melted  steel  consumes  from  3'a  to  4*5  lbs.  of  coal. 

Brown  Coal  in  a  raw  state  has  not  yet  come  into  general 
use,  although  it  proved  successful  in  some  experimental 
meltings.  Wood  likewise  is  never  employed  as  foel,  as  at  least 
double  the  quantity  would  be  required  to  produce  a  similar 
effe<5l  and  in  the  same  time  as  the  necessary  amount  of 
mineral  coal. 

Combustible  Gases  produced  from  anthracite  were  em- 
ployed at  Allevard  in  France,t  and  gases  produced  from  coke  at 
Finniny  in  France,  but  without  good  results  being  obtained, 
owing  to  the  difQcult  conduct  of  the  generator. 

The  problem  of  employing  gas  as  fuel  for  the  purpose  of 
melting  steel  in  crucibles,  has  been  successfully  solved  by  the 
application  of  Siemens's  regenerative  gas  furnaces.  By  their 
use  the  consumption  of  fuel  per  ton  is  reduced  from  3!-  toss 
of  coke  to  i^  tons  of  inferior  slack.  At  Mayr's  Workst  in 
Leoben,  the  generator  is  fed  with  brown  coal,  2  or  3  cwts.  of 
which  are  consumed  per  cwt.  of  ingot.  At  Dohlen,  near 
Dresden,  from  about  9  to  11  cubic  feet  of  brown  coal  per 
cwt.  of  steel  ingots  are  consumed. 

The  following  substances  are  sometimes  employed  as 
additions  : — 

a.  Charcoal  in  small  pieces,  from  which  the  easily  com- 
bustible dust  is  separated  by  sifting.  It  is  employed  for  the 
production  of  the  harder  kinds  of  steel  which  are  more  easily 

*  Oruhu  et  Lam,  iut  priietil,  Ac.,  18O3,  p.  753. 

i  Ibid.,  p.  766. 

X  TVNHBR,  Leob.,  Jabtb.,  tSSj,  dj.,  71. 
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{uable  but  less  weldable.  Graphite*  has  likewise  been  em< 
ployed  as  a  carbonising  agent.  The  quantity  of  carbon  to 
be  added  depends  on  the  quality  of  the  raw  steel,  which  is 
detennined  by  the  appearance  of  the  fradture,  &c.,  and  on 
the  nature  of  the  intended  produA.  Experience  is  the  only 
guide  for  fixing  that  quantity.  At  SoUingerhOtte  in  Hanover, 
on  addition  of  z-isso^  to  i-goth  of  birch  charcoal  is  given  to 
natoral  steel,  according  to  whether  the  produAion  of  weld- 
able  or  non-weldable  cast-steel  is  intended.  The  former  can 
be  better  and  with  less  difficulty  welded  to  iron  than  English 
cast-steel ;  it  forms  fine  and  durable  edges.  Unweldable  steel 
has  proved  itself  to  be  excellent  for  all  kinds  of  cutlery,  but 
it  is  not  fit  for  files,  which  are  liable  to  fiy  if  made  too  hard. 

6.  White  Pig-iron  is  used  for  the  produftion  of  the  harder 
lands  of  cast-steel ;  if  a  large  quantity  of  it  is  added,  the  in* 
juiious  infiuence  of  the  foreign  admixtures  which  the  iroq 
may  contain,  becomes  more  apparent. 

e.  Wronght-Iron  is  used  in  addition  for  the  produAlon 
of  softer  steel. 

d.  Tungsten  (page  235),  Manganese  (page  235),  and 
Heath's  Carbide  of  Manganese  (page  235),  are  added  to  in- 
crease the  tenacity  and  hardness  of  the  steel,  or  the  hardness 
only.t 

Talabot  and  Stirlingt  melt  brittle  cement  steel  containing 
too  large  a  proportion  of  carbon,  with  an  addition  of  metallic 
oxides  (oxides  of  iron,  zinc,  and  manganese)  in  variable  pro- 
portions, in  order  to  produce  cast-steel  of  certain  qualities. 

Apparatus  and  Accessories. 

These  are  chiefly: — 

I.  Melting  Furnaces. — The  oldest  furnaces  used  in 
England  about  the  middle  of  the  last  century  were  air  furnaces 
fed  with  coke,  and  constru<£ted  so  as  to  contain  one  crucible. 
About  the  year  1750  they  were  enlarged,  chiefly  by  Clouet, 
Chalut,  and  others,  and  made  capable  of  containing  up  to  four 

*  Oeiten.  Zttchr.,  1856,  pp.  145, 414. 
t  Caroh,  in  DiNOL.,  Bd.  171,  p.  43. 
X  DnML.,  Bd.  133,  p.  30I. 
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crucibles.  Till  1S30,  coke  furnaces  of  the  English  construc- 
tion, and  capable  of  containing  two  crucibles  each,  were  used 
in  France,  whilst  in  Austria  charcoal  furnaces  were  employed 
till  about  1S40 ;  and,  in  order  to  economise  in  fuel  and  melting 
cost,  the  furnaces  and  the  number  of  crucibles  were  enlarged, 
hot  blast  was  employed  under  the  grate,  and  the  waste  heat 
was  utilised.  In  1851,  firing  with  mineral  coal  and  the  appli- 
cation of  blast  at  the  same  time  under  the  grate,  was  intro- 
duced into  France.  The  furnaces  were  gradually  increased, 
so  as  to  contain  six,  eight,  and  ten  crucibles.  These  crucibles 
are  not  brought  into  direct  contact  with  the  fuel,  but  are 
arranged  in  series  in  a  chamber  which  is  heated  by  a  fire- 
place similar  to  that  of  a  reverberatory  furnace.  The 
chambers  are  covered  with  a  square  lid  in  the  usual  way. 

Siemens's  regenerative  gas  furnaces,  the  arrangement  of 
which  is  somewhat  similar  to  that  of  the  regenerative  puddling 
furnaces,  are  usually  construifted  so  as  to  be  capable  of  con- 
taining about  20  crucibles. 

It  has  been  mentioned  on  page  237,  that  reverberatory 
furnaces  have  recently  been  experimentally  employed  instead 
of  crucible  furnaces. 

The  crucible  furnaces  may  be  classified  according  to  the 
fuel  used  for  firing; — 

a.  Charcoal  Furnaces. — The  older  draught  furnaces  used 
in  Austria  were  i  or  i'3  metres  square  in  sedtion,  and  0"65 
or  0*66  metre  high,  having  a  chimney  from  12  to  13  metres 
high,  and  o'35  or  o'40  metre  square  in  seAion.  They  were 
capable  of  containing  nine  crucibles  0*45  metre  high  and 
0*18  metre  wide  in  the  interior,  with  a  capacity  of  from  16  to 
18  kilos,  of  steel.  10  or  12  lbs.  of  charcoal  were  consumed 
in  melting  i  lb.  of  steel,  and  eight  or  nine  parts  of  charcoal 
when  furnaces  containing  from  fifteen  to  twenty  crucibles 
were  employed. 

The  consumption  of  fuel  has  been  decreased  to  200  or 
226  lbs.  when  the  furnace  is  kept  in  operation  during  the 
daytime  only,  and  to  150  or  175  lbs.  per  100  lbs.  of  steel 
ingots  when  the  furnace  is  in  constant  operation  day  and 
night  during  the  whole  week.  This  economy  in  fuel  has 
been  caused  by  the  application  of  MUUer's  grate,  which  is 
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an  iron  plate  provided  with  28  holes,  each  |  of  an  inch  wide, 
placed  instead  of  the  grate  bars,  as  well  as  by  employing  hot 
blast  of  8  or  10  lines  pressure,  and  of  lOo  to  280°  C.  tem- 
perature under  the  grate,  and  by  using  the  waste  heat  for 
previously  warming  the  charged  crucibles  and  the  air  for 
combustion  (at  Hirschwang,  near  Reichenau,  for  instance). 
The  furnaces  contain  six  or  seven  crucibles,  placed  on  three 
different  places  of  the  furnace  chamber  upon  supports,  on 
which  powdered  clay  is  thrown.  Some  of  the  furnaces  have 
a  roof  formed  of  boiler  plate  coated  inside  with  fire-clay. 

b.  Coke  Furnaces  capable  of  containing  from  one  to  four 
crucibles.  The  consumption  of  coke  decreases  in  the  pro- 
portion of  6—5  ;  5*3 — 4  ;  2"5— 1*8  per  i  of  steel,  according 
to  whether  furnaces  with  one,  two,  or  four  crucibles  are  em- 
ployed ;  but,  on  the  other  hand,  the  larger  furnaces  with  four 
crucibles  have  this  disadvantage,  namely,  that  the  air  passes 
through  the  grate  with  less  regularity.  This  causes  the 
crucibles  to  waste  sooner,  and  necessitates  the  attendance  of 
more  skilful  workmen.  In  order  to  induce  an  uniform  com- 
bustion all  over  the  grate  on  the  application  of  four  crucibles, 
one  part  of  the  grate  bars  is  made  of  smaller  dimensions  than 
the  other,  thus  causing  the  different  grate  bars  to  leave  in- 
terstices of  various  widths  for  the  admission  of  air.  The 
crucibles,  when  used  in  double  furnaces,  that  is,  in  furnaces 
constructed  for  two  crucibles,  which  are  employed  in  most 
cases,  last  for  two  or  three  meltings,  whilst,  when  used  in 
quadruple  furnaces,  they  last  for  two  or  two  and  a  half 
meltings  only,  and  the  loss  in  crucibles  increases  from  i  to 
3  per  cent  if  furnaces  containing  more  than  four  or  five 
crucibles  are  employed.  The  application  of  blast  under  the 
grate  has  not  removed  this  disadvantage  (page  247}. 

Gruner  and  Lan*  have  calculated  the  melting  cost  per 
xooo  kilos,  of  fused  steel,  when  furnaces  containing  one, 
two,  and  four  crucibles  are  employed ;  these  cost  from  Z03  to 
250  francs,'i6o  to  195  francs,  and  131  to  172  franca  respec- 
tively. The  higher  figures  relate  to  the  produiflion  of  soft 
steel  poor  in  carbon,  and  the  lower  ones  to  that  of  hard  steel 

*  Grunbr  et  Lan,  £ut  pr^seat,  &c.,  p.  753. 
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rich  in  carbon.  The  loss  in  crucibles  of  2  or  3  per  cent  may 
be  more  than  counterbalanced  by  the  saving  in  fuel  when  an 
inferior  cheaper  kind  of  cast-steel  is  to  be  produced ;  but  this 
is  not  possible  in  the  production  of  the  superior  sorts  of  steel, 
and,  therefore,  in  the  larger  steel  works  double  and  quad- 
ruple fiimaces  are  employed  together,  according  to  circum- 
stances. 

The  steel  melting  furnaces*  of  square  or  oblong  seAion 
are  frequently  somewhat  contraAed  on  the  upper  part ;  their 
grate  is  formed  of  five,  six,  or  more  grate  bars ;  their  height 
from  the  grate  up  to  the  flue  is  usually  o'S  metre,  and  I  metre 
from  the  grate  to  the  furnace  mouth,  whether  the  furnace  is 
coDstnidted  for  one  or  for  four  crucibles.  Furnaces  for  one 
crucible  are  in  section  about  0*4  metre  square,  those  for  two 
crucibles  are  0*42  metre  long  and  0*55  metre  broad,  and 
furnaces  for  four  crucibles  are  of  an  elliptical  shape  and 
o'55  metre  long  and  from  0*55  to  o"6  metre  broad.  The 
chimney  for  one  furnace  is  from  lo  to  12  metres  high,  and 
of  square  section  o'4  metre  wide;  it  is  provided  with  a 
damper.  The  flue  is  0*35  metre  broad,  0*22  metre  high,  and 
I  or  i'2  metre  long.  The  ash  pit,  provided  with  a  sump 
containing  water,  must  be  proportionally  high  (2  or  3  metres) 
in  order  to  facilitate  the  manipulations  below  the  grate.  A 
number  of  furnaces  are  usually  built  together,  communicating 
with  one  common  chimney  (it  is  now  and  then  advantageous 
to  connect  fifty  or  sixty  furnaces  with  one  chimney  from 
50  to  55  metres  high),  or  four  furnaces  which  are  built  in 
conne(5tion  have  special  chimneys,  the  four  chimneys  being 
built  together,  and  cooled  by  vertical  channels,  to  which  the 
air  is  conducted  by  one  common  larger  channel. 

The  newer  furnaces  in  Sheffield  are  3  feet  high,  square  in 
section  from  top  to  bottom,  and  3  feet  6  inches  wide.  The 
flue,  of  9  inches  height,  lies  i  foot  8  inches  above  the  grate, 
and  leads  first  in  a  horizontal  direction,  afterwards  rising  in 
the  form  of  a  staircase  to  the  chimney,  15  inches  wide  and 
4S  feet  high  above  the  flue.    The  ash  pit  is  6^  feet  high. 


*  Pbrcy,  HeuUnrgy,  li.,  831.    Dinol.,  Bd.  gi,  p.  33,  Ubota  il. 
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A  furnace  of  this  kind  is  represented  in  Fig.  37.  a  ia  the 
furnace  shaft  or  "  melting  hole"  of  oval  or  oblong  section 
-with  rounded  comers,  constru£led  to  contain  two  or  four 
cnicibles ;  the  lining  ts  formed  cither  of  fire-bricks  about 
6  inches  tliick  and  surrounded  by  less  refractory  bricks,  or 
of  a  refractory  mass,  h*  which  is  firmly  beaten  down  rotmd 
an  elliptical  templet ;  between  this  lining  and  the  rough 
walling  an  open  space  is  sometimes  left,  which  is  filled  up 

FiQ.  37. 


with  material  consisting  of  bad  condui^ors  of  heat,  or  the 
lining  is  joined  diredtly  to  the  walling,  c.  The  lining  is 
sometimes  surrounded  with  an  air  channel  for  the  purpose 
of  cooling,  d  is  the  grate ;  e,  the  ash  pit ;  /,  the  flue ;  g,  the 
chimney ;  A  is  the  furnace  lid,  consisting  of  plates  of  re* 
fradloiy  clay  which  are  enclosed  by  an  iron  frame ;  the  cover 
is  provided  with  the  handle,  i ;  it  is  a  channel  for  regulating 
the  draught.  The  furnace  mouth  lies  in  the  level  of  the 
sole  of  the  smelting  works. 

The  furnace,  represented  in  Fig.  38,  is  used  in  SoIHnger* 
hQtte  in  Hanover,  a  is  the  furnace  shaft ;  h,  the  grate, 
formed  of  eleven  grate  bars,  five  of  which  are  in  sedlion 


*  B.  n.  b.  Ztg.,  1863,  p.  34S. 


,;  Google 


254  STEEL. 

if  inches  square,  and  the  other  six  f  or  i  inch  square. 
c  is  the  ash  pit,  whose  sole  is  provided  with  a  channel  con. 
taining  water ;  d  is  the  cover  formed  of  fire  bricks,  screwed 
together  in  a  cast-iron  frame,  and  provided  with  two  rollers 

Fig.  38. 


for  moving  it  in  a  horizontal  diredlion  ;  e  is  the  flue ;  /,  the 
chimney ;  g,  the  damper,  moved  by  the  rod,  A.  A  vertical 
air  channel  is  constructed  on  the  side  of  the  chimney. 

The  use  of  the  waste  heat  for  the  produdtion  of  steam 
economises  fuel,  but,  on  the  other  hand,  it  is  liable  to  im- 
pair the  draught. 

Jackson*  has  constru(5led  a  double  furnace,  provided  ■with 
a  common  ash  pit,  conducting  blast  under  the  grate  and  em- 
ploying the  waste  heat.  This  construi5lion  is  said  to  be 
cheap,  accelerating  and  facilitating  the  process,  economising 
in  labour  and  fuel,  lessening  the  loss  of  steel,  and  improving 
the  product. 

c.  PurnaccB  Using  Mineral  Coal  as  Fuel. — These 
fumacest    were  first    tried  at  the  commencement   of   the 

*  Hartm.,  ForlBchr.,  i.,  455. 

f  Grunbr  et  Lan,  ilat  present,  &c,,  p.  753.      Siderotechnik  vod  Hassbm- 
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present  ceotuiy ;  they  were  of  the  form  adopted  in  ^lass 
furnaces.  Two  crucibles  were  placed  on  each  of  the  two 
sides  of  the  fire  place,  which  were  provided  with  an 
arched  roof,  and  the  gases  escaped  on  the  two  long  sides  of 
the  furnace.  The  inconvenience  of  placing  the  crucibles 
sideways  in  the  furnace,  as  well  as  the  lai^e  consumption  of 
fuel,  induced  Clouet  to  employ  reverberatoty  furnaces  with 
a  grate  on  one  side,  and  to  conduct  blast  under  the  grate, 
thus  admitting  of  an  enlargement  of  the  furnace  hearth,  and 
an  increase  of  the  number  of  crucibles,  without  enlarging 
the  grate ;  the  crucibles  can  be  placed  in  the  furnace  through 
openings  in  the  roof,  or  through  one  side  of  the  furnace.  In 
order  to  heat  the  -crucibles  uniformly,  and  especially 
sufficiently  at  the  bottom,  the  fire  bridge  between  the  grate 
and  hearth  is  done  away  with,  the  flue  is  placed  in  the  level 
of  the  hearth ;  and  the  corners  of  the  hearth  and  the  flue,  as 
well  as  the  combination  between  the  grate  and  hearth,  are 
constructed  so  as  to  form  parabolic  curves,  which  cause  the 
beat  from  the  furnace  walls  to  be  reflected  on  the  crucibles. 
The  escaping  flame  is  frequently  employed  for  the  produc- 
tion  of  steam,  but  in  this  case,  a  space  partially  filled  with 
refractory  substances  is  provided  between  boiler  and  flue,  in 
order  to  prevent  too  great  a  radiation  of  heat  through  the 
flue.  By  this  means  the  fusion  in  all  the  crucibles,  in  those 
standing  near  the  flue*  as  well  as  in  those  on  the  opposite 
side,  takes  place  at  the  same  time. 

Clouet's  furnace  has  the  following  dimensions : — Height 
of  the  roof  above  the  grate,  0*95  metre;  above  the  fire- 
bridge, 0*4  metre ;  above  the  working  door,  0*3  metre ;  above 
the  hearth  sole,  0-65  metre ;  height  of  the  crucibles  with 
lid  without  supporters,  o'6  metre ;  height  of  the  flue, 
0*38  metre.  The  grate  is  0*73  metre  square,  the  hearth 
I  metre  broad,  and  I'l  metre  long;  the  ash  pit  is  i  metre 
high,  and  the  tube  for  conducting  the  blast  under  the  grate 
o*2  metre  wide ;  the  pressure  of  the  blast  is  from  o"oo8  to 
0'0I2  metre  mercury. 

.  Jallien,  Bouch£,  and  Ballefin  have  more  or  less  modified 
this  construction  of  the  furnace. 

The  furnace  constructed  by  Jullien,  at  Lorette  (Loire)  is 
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represented  in  Figs.  39  and  40.  a  is  the  fire-place  ;  b,  the 
ash  pit,  containing  the  tube,  c,  for  introducing  the  blast ; 
d  is  the  grate ;  e,  the  stoking-hole ;  /,  the  crucibles  standing 
somewhat  low,  upon  a  sole  of  quart;: ;  g,  is  the  furnace  lid ; 


FiQ  39. 


i-IVxh  of  oalynJ  tiie. 

h,  the  flue ;  t  is  the  space  filled  with  refractory  substances 
(bricks,  quartz,  &c.))  in  order  to  diminish  the  irradiation  of  heat 
through  h;  the  wall,  k,  serves  the  same  purpose.  Ms  a 
boiler  tube.    The  escaping  flame  plays  first  round  the  boiler 

Fio.  40. 


tube,  afterwards  round  the  boiler  above  that  tube,  and  is  let 
downwards  into  a  channel,  which  leads  the  products  of  com- 
bustion into  a  chimney  that  serves  for  twenty  furnaces. 

Jackson*  has  suggested  different  constnuftions  for  furnaces 
containing  a  larger  number  of  crucibles,  eighteen  for  instance. 


*  Hartm.,  ForUchr.,  1838,  i.,  461. 
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A  comparison  of  coke  furnaces  with  those  fired  with 
mioeral  coal  shows  that  the  economical  advant^e  of  the 
latter  is  but  very  small  in  furnaces  containing  two  crucibles, 
and  still  less  so  in  those  containing  four  crucibles.  The 
mineral  coal  furnaces,  with  more  skilful  workmen,  give  rise 
to  a  more  imperfedl  utilisation  of  the  heat,  and  to  greater 
expense  for  repair ;  the  cost  also  of  the  first  plant  is  higher 
than  that  of  coke  furnaces  of  the  same  capability.  The  coal 
funiaces,ODtheotherhand,preserve  the  crucibles  better  (the 
crucibles  last  four  or  five  meltings,  and  only  about  two  and  a 
half  or  three  io  coke  furnaces),  and  the  produiftion  is  certainly 
larger  (by  36  or  40  cwts.  in  each  operation) ;  these  furnaces 
are  therefore  preferable  to  coke  furnaces  in  large  establish- 
ments intended  to  produce  heavy  castings. 

Jullien  has  calculated  the  melting  cost  per  100  kilos,  of 
steel,  produced  in  coke  furnaces  containing  two  and  four 
crucibles,  and  in  coat  furnaces  with  nine  crucibles,  to  be 
20*85,  i7'oo,  and  i5'75  francs  respeiitively. 

d.  Furnaces  Heated  with  Gas. — Since  1857  Siemcns's 
regenerative  gas  furnace  has  been  employed  with  consider- 
able advantage.  A  simple  construdlion  of  this  furnace  is 
represented  in  Figs  41  and  42.     By  means  of  the  valves 

Fig.  41. 


represented  in  position  at  a  and  h,  the  combustible  gases, 
produced  in  the  generator,  a,  enter  into  the  channel,  d, 
provided  with  the  register,  c,  and  thence  enter  the  space,  e ;  on 
passing  through  the  regenerator,  /,  filled  with  hot  stones,  they 
are  heated ;  they  then  enter  the  space,  g,  and  afterwards  the 
hearth,  B,  which  contains  about  twenty  crucibles.  The 
VOL.  in.  s 
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combustion  air  passes  from  the  space,  c,  into  the  channel,  i, 
which  is  provided  with  a  register,  A;  the  position  of  the 
valve,  b,  as  represented,  conducts  the  air  through  the  space,  x. 

Fig.  42. 


into  the  regenerator,  k,  where  it  is  heated ;  it  then  enters 
through  /,  into  the  hearth,  B,  where  it  meets  the  combustible 
gases,  thus  forming  a  flame.  The  flame  passes  along  the 
hearth,  on  the  end  of  which  it  is  distributed  towards  both 
sides.  One  part  of  the  hot  gases  then  passes  through  y,  into 
the  regenerator,  m,  heating  it,  and  descending  into  the 
space,  n,  whence  it  passes  into  the  channel,  d,  through  the 
channel,  0.  The  channel,  D,  communicates  with  a  chimney 
58  feet  high.  The  hot  gases  on  the  other  side  of  the 
hearth,  B,  pass  through  z,  into  the  regenerator,  p,  thence 
through  the  space,  g,  and  the  channel,  r,  into  the  main 
channel,  D.  As  soon  as  the  regenerators,  m  and  p,  are 
sufficiently  heated,  the  valves,  a  and  A,  are  so  placed  as  to 
condu(5t  the  combustible  gases  from  A,  and  the  cold  air 
from  c,  respedlively,  through  the  regenerators,  p  and  m,  on 
the  hearth,  b.  The  roof,  s,  covering  the  hearth,  is  con- 
structed in  different  movable  parts,  for  the  purpose  of 
introducing  the  crucible  into  the  furnace. 

Fig.  43  represents  a  reverberatory  furnace  in  which 
steel  was  melted  experimentally  at  Montataire,  without 
the  application  of  crucibles.  The  furnace  hearth,  a,  is  in- 
clined towards  the  fire-bridge ;  the  two  muffles,  b,  are 
employed  for  a  preparatory  beating  of  the  melting  materials. 
The  flame  descends  through  c,  into  the  chimney.     In  order 


.y  Google 


CRUCIBLES.  259 

to  produce  the  high  temperature  required,  when  employing 
mineral  coal  as  fuel,  it  is  necessary  to  employ  blast  of  300°  C- 
under  the  grate,  a  very  low  roof  above  the  hearth,  and  to 
construft  the  area  of  the  grate  and  hearth  in  the  proportion 
of  from  I  or  i'6  to  i  or  3. 

FlQ.  43. 


3.  Crucibles. '—As  the  crucibles  exert  an  essential  in- 
fluence upon  the  economical  result  of  the  process,  and  as 
they  are  alternately  submitted  to  very  high  and  comparatively 
low  temperatures,  they  must  be  manufactured  with  the  very 
greatest  care.  They  must  be  as  refraftory  as  possible,  on 
cooling  they  must  not  crack;  they  must  be  strong  and  com- 
paft,  and  be  composed  of  materials  which  do  not  impart 
injurious  or  modifying  substances  to  the  steel. 

According  to  Bischof,f  those  refraftory  clays  are  most 
adapted  for  crucibles  intended  for  melting  steel  which  are 
richest  in  alumina,  with  but  very  little  sand  intermixed,  and 
which  contain  the  least  amount  of  substances  liable  to  form 
a  fusible  compound  with  the  alumina.  It  is  not  silica, 
but  alumina,  which  constitutes  the  refraiflorineaa  at  the 
highest  temperatures.  The  alkalies  are  most  liable  to 
impair  the  r^raCtoriness  of  the  clay,  then  follow  protoxide  of 
iron  and  lime ;  magnesia  is  least  injurious.  Watering  clay 
for  a  longer  time  renders  it  more  plastic,  homogeneous,  and 

*  Erdh.,  Joim.  f.  5k.  Cbem.,  ii.,  loS,  109 ;   xiii.,  363.      B.  n.  h.  Ztg.,  1845, 
p.  433  ;  iSfii,  p.  116.    Oetten.  Ztschr.,  iSjfi,  p.  a45. 
i  EiDH.,  Jovni.  L  pr.  Chem.,  Bd.  91,  p.  ig. 
S  Z 
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refradlory,  as  alkalies,  as  well  as  a  great  part  of  the  silica,  are 
extracted  in  a  soluble  form,  and  the  clay  therefore  becomes 
richer  in  alumina. 

In  order  to  lessen  the  contraction  of  the  fire-clay,  and  to 
increase  its  refradtoriness,  burnt  clay,  in  the  form  of  coarse 
powder,  and  pounded  coke,  charcoal,  or  graphite,  are  given 
in  admixture.  According  to  the  nature  of  the  clay,  and  the 
care  which  is  taken  in  making  the  crucibles,  those  used  in 
coke  and  charcoal  furnaces  last  for  from  one  to  three  melt- 
ings, and  those  in  furnaces  heated  with  mineral  coal  may  he 
used  for  five  meltings. 

The  Composition  used  in  Making  the  Crucibles. — The 
carefully  sorted  and  purified  plastic  clay  is  ground  or  pounded 
in  an  air-diy  state.  The  dry  clay  is  then  mixed  either  with 
finely  ground,  heated,  and  sifted  graphite,  or  with  charcoal 
or  coke  which  has  been  pounded  to  the  size  of  lentils ;  it  is 
also  mixed  with  old  ground  crucibles,  or  with  clay  that  has 
■been  burnt  for  the  purpose.  The  mixture  is  then  moistened 
with  water. 

The  following  are  the  proportions  of  some  of  these  com- 
positions : — 

In  England,  for  instance,  each  crucible  is  sometimes  com- 
posed of  a  mixture  of  5*22  kilos.  Stourbridge  clay,  5*22 
kilos.  Stannington  clay,  5-43  kilos,  old  ground  pots,  and 
0*05  kilo,  powdered  coke.  According  to  Percy,  the  pots  used 
in  one  of  the  chief  establishments  in  ShefBeld,  each  weighing 
about  25  lbs.,  are  made  of  the  following  mixture  : — 

Derbyshire  clay  from  Edensor    ....  15 

Stannington  clay 7 

Old  ground  pots g 

Ground  cinders i 

25 

The  following  mixture  is  used  in  French  steel  works  : — 

Rich  clay 200 

Burnt  clay 100 

Old  groand  pots 50 

Graphite 14 

Water 63 
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At  the  Rhenish  steel  works,  one  part  of  graphite  and  one 
part  of  old  ground  pots  are  mixed  with  such  a  quantity  of 
Mefalem  clay  as  is  required  to  render  the  mixture  plastic. 
At  Sollingerfaiitte  in  Hanover  the  mixture  for  crucibles  con- 
dsts  of  nine  parts  (by  volum^  of  Uslar  clay,  fourteen  parts 
of  burnt  clay,  and  six  parts  of  charcoal. 

Analyses  of  different  kinds  of  clay  lit  for  steel  melting 
crucibles  are  given  in  chapter  iii.  of  this  volume. 

Plumb^o  crucibles  are  also  used  for  melting  steel ;  they 
are  employed,  for  instance,  in  Krupp's  steel  works  at  Essen  and 
in  Austria.  Each  crucible  is  used  for  one  charge  only,  after 
which  the  material  is  disintegrated,  and  used  again  for  making 
melting  pots,  for  which  purpose  it  is  mixed  with  a  certain 
proportion  of  &esh  graphite.  Graphite  is  said  to  have  no 
carbonising  action  on  steel.* 

Caron^s  researches  on  different  materials  used  in  the  manu- 
faAure  of  crucibles  have  been  given  on  page  239. 

Preparation  of  the  Clay  used  in  the  ManufaAure  of 
Steel  Melting  Crucibles. — The  superficially  moistened  clay 
is  allowed  to  remain  for  about  a  month  in  a  cistern  or  a 
damp  place.  During  this  time  the  clay  is  kneaded  by  men 
treading  upon  it,  or  it  is  beaten  with  heavy  clubs  until  it  has 
attained  the  uniformity  and  plasticity  required.  Sometimes 
also  the  clay  is  worked  in  kneading  machines,  the  requisite 
quantity  of  water  being  added.  In  the  former  case  the  mass 
is  repeatedly  beaten  with  an  iron  bar  and  formed  into  oval 
cakes,  which  are  rolled  up  into  a  lump.  This  lump  is  spread 
out  a^in  in  different  directions  by  means  of  a  wooden  pole, 
and  Bgaitx  pressed  together.  These  manipulations  are  for 
the  purpose  of  producing  a  uniform  mass  as  free  as  possible 
from  air  bubbles.  In  order  perfectly  to  exclude  the  air,  the 
clay  lumps  are  sometimes  pressed  into  a  prismatic  shape, 
and  then  cut  into  a  number  of  small  pieces  ;  these  pieces  are 
thrown  violently  upon  a  cast-iron  plate,  thus  forming  a  lump 
again  ;  this  operation  is  sometimes  repeated.  The  clay  is 
weighed  out  in  lumps,  each  of  which  suffices  for  a  crucible. 

In  England  the  crucibles  or  "  pots  "  (Pig.  47)  are  usually 
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made  by  hand  by  means  of  a  cast-iron  case  or  pot  mould,  e 
{Fig.  44),  open  at  the  top  and  bottom,  and  turned  in  the 
interior,  of  the  dimensions  of  the  exterior  of  the  crucible,  and 


by  means  of  a  plug  of  hard  wood  fitting  that  case,  and 
turned  of  the  same  dimensions  as  the  interior  of  the  crucible. 
The  crucible  mould  is  provided  with  a  loose  bottom,  a,  that 

Fig.  46. 


is,  a  disc  of  iron  just  large  enough  not  to  drop  out  at  the 
lower  or  small  end,  and  having  a  hole,  b,  in  the  centre,  for 
the  passage  of  the  spindle  with  which  the  plug  is  provided. 
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This  plug  is  also  sometimes  made  of  iron,  cast-steel,  or  brass. 
The  mould  is  then  well  oiled,  and  placed  upon  a  low  and 
solidly  fixed  post,  which  has  a  hole  in  the  middle,  to  allow 

Fig.  47. 


the  spindle  of  the  plug  to  descend.  The  chaise  of  clay  is 
then  put  into  the  mould,  and  the  plug,  also  well  oiled,  is 
driven  down,  first  by  hand  and  afterwards  with  a  heavy 
mallet,  the  spindle  at  the  bottom  keeping  it  in  the  centre. 
The  upper  end  of  the  plug  is  sometimes  provided  with  a 
screw  that  moves  in  a  socket.  This  screw  has  two  horizontal 
arms  ending  in  heavy  balls,  and  by  means  of  it  the  plug  is 
moved  up  and  down  as  in  coining  machines.  After  having 
scraped  off  the  clay  which  may  have  been  pressed  out  of  the 
mould,  the  plug  is  withdrawn,  and  the  edge  of  the  crucible 
is  loosened  from  the  mould,  thus  causing  a  contrai!lion  of 
the  upper  part  of  the  crucible.  The  pot  mould  is  then  set 
upon  a  short  post,  so  that  the  loose  bottom  may  be  gently 
forced  up  with  the  crucible  upon  it.  This  bottom  is  removed 
as  soon  as  the  crucible  has  attained  some  consistency,  the 
hole  caused  by  the  spindle  is  closed  either  now  or  later  on, 
and  the  pot  is  then  removed  to  a  warm  place. 

In  some  smaller  German  steel  works  the  crucible  mould 
{Fig.  45)  is  made  of  hard  wood,  consisting  of  different  parts,  b, 
which  are  bound  together  by  rings,  c.  The  inside  of  the 
mould  is  coated  with  linen.  The  mould  is  provided  with  the 
ears,  d,  fixed  to  the  middle  ring,  c,  by  means  of  which  the 
mould  is  screwed  to  the  post,  /,  when  the  wooden  plug  is 
driven  in.  The  head  piece,  g',  of  the  post,  is  just  as  large  as 
the  bottom  of  the  crucible ;  k  is  the  hole  for  the  spindle  of 
the  plug. 

The  crucible  is  then  formed  in  the  manner  before  described. 
After  having  withdrawn  the  plug,  the  mould  is  taken  asunder. 
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and  the  crucible,  surrounded  with  linen,  is  allowed  to  stand 
for  a  day ;  the  linen  is  then  removed,  the  crucible  is  polished 
both  inside  and  out,  the  hole  at  the  bottom  is  closed,  and 
the  mouth  of  the  crucible  contracted  to  the  shape  shown  in 
Fig>  47>  This  contraAion  renders  the  crucibles  more  durable ; 
it  also  enables  them  to  be  more  easily  taken  hold  of  with 
the  tongs  without  causing  any  injury.  These  contra<!led 
crucibles  also  occupy  less  space  in  the  furnace,  and  the  coke 
slides  down  on  them  more  easily. 

In  Reichenau  the  crucibles  are  sometimes  turned  on  a 
potter's  wheel,  and  in  Dohlen  they  are  pressed. 

The  form  and  si^e  of  the  crucibles  exerts  an  essential  in- 
fluence on  the  consumption  of  fuel  and  loss  of  metal.  The 
crucibles  are  usually  from  6  to  lo  inches  wide,  from  14  to 
z6  inches  high,  i  or  i^  inches  thick  at  the  bottom,  and  ^  or 
I  inch  at  the  sides ;  but  their  size  depends  on  the  produc- 
tion which  is  intended,  and  also  on  the  power  of  the  workmen, 
who  must  be  able  to  lift  and  carry  them  when  filled.  The 
larger  crucibles  are  more  liable  to  waste,  and  the  smaller 
ones  give  rise  to  a  greater  consumption  of  fuel.  Crucibles 
intended  for  melting  tool  steelj  have  usually  the  capacity  of 
25,  30,  and  50  lbs.,  and  those  designed  for  lai:ge  castings, 
of  from  50  to  go  lbs.  A  crucible  capable  of  containing  25  or 
30  lbs.  of  steel,  is  16  inches  high,  and  6^  and  6|  inches  in 
diameter  at  the  top  and  bottom  respectively.  To  make  such 
a  crucible,  20  or  25  lbs.  of  clay  mixture  are  required,  ac- 
cording to  whether  the  crucible-walls  are  to  be  f  of  an  inch 
or  I  inch  thick. 

Jullien  considers  thatthe  best  crucibles  are  those  able  to  con- 
tain 20  kilos,  of  steel,  and  which,  when  charged,  weigh  37  or 
38  kilos.,  are  0*5  or  0'6  metre  high,  and  have  an  outside 
diameter  of  o'  2  or  o'22  metre.  When  furnaces  heated  with 
mineral  coal  are  used,  the  crucibles  are  made  somewhat 
thicker  than  those  which  are  heated  with  coke,  as  they  are 
surrounded  by  the  fuel,  and  thus  acquire  greater  stability. 

The  crucibles,  as  they  come  from  the  moulds,  are  gradually 
heated  in  a  moderately  warm  drying  chamber  for  about  3  or 
4  months ;  this  heating  is  effected  by  moving  the  crucibles 
by  degrees  nearer  the  fire-place  of  the  chamber. 
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The  pots  are  annealed,  that  is  gradually  heated  to  redness, 
before  tb^  are  put  into  the  casting  furnaces,  which  opera- 
tion is  efTefled  either  on  grates  by  a  glowing  fire,  or  in  boxes 
like  the  cenaentation  pots,  with  the  application  of  a  flaming 
fire. 

The  grates  are  closed  in  by  walling  on  three  sides,  and  the 
fourth,  or  front  part,  is  partially  closed  with  a  door.  The 
crucibles  are  filled  with  charcoal  or  small  coke,  and  are 
generally  placed  mouth  downwards  on  the  grate  containing 
live  coals ;  coke  or  coal  is  then  filled  in  between  them.  The 
tids  are  placed  on  the  bottoms  of  the  inverted  crucibles,  and  the 
stands  supporting  the  crucibles  in  the  furnaces  are  likewise 
distributed  on  the  grate.  The  fuel  is  now  allowed  gradually 
to  attain  full  heat,  which  takes  about  6  or  8  hours,  during 
which  time  the  door  of  the  ash  pit  is  kept  closed ;  this  door 
is  DOW  opened,  fresh  fuel  is  added,  if  required,  and  the 
crucibles  are  raised  to  a  light  redness  in  from  4  to  6  hours, 
when  they  are  at  once  transferred  to  the  casting  furnaces. 

A  grate  of  this  kind  is  usually  large  enough  to  contain 
about  twenty  crucibles. 

The  cementation  boxes  contain  about  twenty  or  thirty 
crucibles,  placed  either  sideways  or  mouth  downwards ;  they 
are  exposed  to  the  Same  of  mineral  coal  for  about  8  hours. 
The  dry  crucibles  are  sometimes  at  once  provided  with  the 
charge  of  steel,  and  with  lids,  and  about  lOO  such  crucibles 
are  placed  in  rows  in  a  reverberatoty  furnace. 

The  waste  heat  of  the  steel  melting  furnaces  is  occasionally 
employed  for  annealing  the  crucibles,  as  at  Hirschwang  in 
Austria,  for  instance. 

The  lids  and  stands  of  the  crucibles  are  formed  in  cast- 
iron  moulds.  The  former  are  either  quite  solid,  or  they 
contain,  on  one  side,  a  circular  hole  i^  inches  wide,  which 
may  be  closed  with  a  clay  plug  ;  these  lids  are  used  to  ex- 
clude the  air  as  much  as  possible  in  casting. 

3.  Utensils  and  Tools. — ^The  following  are  those  princi- 
pally used : — 

a.  Ingot  Moulds,  usually  made  ofc^t-iron  in  two  halves, 
which  are  kept  together  by  means  of  iron  rings  and  wedges. 
Before  being  used,  they  are  warmed  and  brushed  with  coal 
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tar,  or  they  are  smoked.  For  this  purpose,  the  component 
halves  are  placed  with  their  internal  surfaces  downwards 
upon  racks,  and  a  ladle  containing  burning  coal  tar  is  put 
underneath. 

The  size  of  the  smaller  moulds  is  2  feet  long,  2^  or  3  inches 
broad,  and  2  inches,  wide ;  for  larger  ingots,  at  Krupp's 
establishment^  for  instance,  octagonal  moulds  of  20  inches 
in  diameter  are  used;  this  width  is  such  that  ingots 
weighing  above  40  cwts.  are  only  twice  the  length  of  their 
diameter,  in  consequence  of  which  the  metal  is  proportion- 
ately less  cooled  on  the  side  walls  of  the  moulds,  and  remains 
liquid  for  a  longer  time. 

Mayr,  in  Bochum,  has  employed  moulds  of  a  refraCtoty 
clay  mass*  for  castings  of  complicated  form.  Former 
attempts  with  such  moulds  were  not  successful,  owing  to 
the  difficulty  of  obtaining  a  material  which  offered  sufficient 
resistance  to  the  high  temperature  of  the  liquid  steel,  and, 
at  the  same  time,  to  the  contraftion  of  the  casting. 

b.  Tongs,  differently  constructed  according  to  the  purpose 
for  which  they  are  intended,  as  for  lifting,  pouring,  &c.,  are 
used.  A  funnel-shaped  gutter  of  sheet-iron  3  feet  long,  and 
tapering  from  7  or  8  inches  to  5  inches,  provided  with 
a  handle,  is  used  for  introducing  the  steel  into  the  crucibles- 
Other  minor  tools  are  also  employed. 

4.  Furnaces  for  heating  the  steel  ingots  for  the  purpose 
of  forging. — Articles  of  smaller  size  are  heated  in  forges 
about  6  inches  deep,  provided  with  horizontal  tuyeres ;  these 
forges  are  covered  with  an  arched  roof,  and  connedled  vrith 
a  hearth  for  previously  warming  the  articles.  Articles  of 
larger  size  are  heated  in  reverberatoiy  furnaces,  which  allow 
of  a  more  uniform  heating,  and  the  application  of  a  some- 
what reducing  flame ;  this  is  chiefly  the  case  when  gas  is 
used  as  fuel- 

5.  Apparatus  for  Condensing  and  Drawing-out  the 
Steel  Ingots. — The  more  or  less  porous  ingots,  if  of  small 
dimensions,  are  treated  under  hammers  weighing  4  or  5  cwts., 
but  larger  ingots  are  condensed  either  under  lift  hammers, 

*  DtNGL.,  Bd.  168,  p.  20S. 
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weighing  ao  cwts.,  or  under  steam  hammers,  Haswell'a 
foi^ng  press,  or  under  rolls,  and  while  being  drawn  out  they 
are  repeatedly  heated  under  smaller  hammers  weighing  i  or 
2  cwts.,  and  making  from  i&o  to  180  blows  per  minute ; 
steam  hammers  and  rolls  are  used  for  the  same  purpose. 

Knipp,  in  Essen,  works  large  steel  ingots  under  a  steam 
hammer  weighing  1000  Prussian  cwts.  (49  tons  4  cwts. 
English),  the  weight  of  the  anvil  and  anvil  block  being 
twenty-five  times  as  much.  One  of  Krupp's  rolling  machines 
has  rolls  15  feet  long,  and  produces  steel  plates  i  foot  thick. 

MANIPULATIONS   IN   CASTING   STEEL. 

The  first  manipulation  is  the  chai^ng  of  the  crucibles. 
The  composition  of  a  charge  for  the  produdlion  of  a  certain 
kind  of  steel  (whether  the  steel  is  to  be  hard  and  slightly 
weldable,  or  soft  and  weldable  in  a  higher  degree)  is  usually 
kept  secret  by  the  manufafturer.  For  this  purpose,  harder 
and  softer  kinds  of  steel  are  etttier  employed  by  themselves, 
or  are  mixed  together,  and,  if  necessary,  they  are  again 
mixed  with  carbon  or  white  pi^-iron,  to  render  them  harder, 
or  with  scraps  of  iron  and  cast-steel,  to  obtain  a  softer  and 
more  weldable  produdt.  Purifying  and  improving  fluxes 
(tungsten,  manganese,  &c.),  are  likewise  added,  and  also  a 
surplus  weight  of  from  2  to  4  per  cent  to  make  up  for  scorifi- 
cation. 

According  to  Resch,*  the  following  charges  per  crucible 
are  used  at  Hirschwang,  near  Reichnau ;  they  are  arranged 
in  the  order  which  most  nearly  indicates  the  quality  of  the 
produA,  the  ratio  of  the  price,  and  even  the  proportion  of  the 
.demand : — 

f  •  35  lbs.  of  hard  or  soft,  but  uniform  cement  steel. 

II.  35  lbs.  of  best,  sorted,  hard,  puddled  steel. 

III.  33  or  30  lbs.  of  good  cement  steel,  is  mixture  with 
a  or  5  lbs.  of  scraps  of  wrought-iron, 

IV.  35  lbs.  of  carefully  sorted,  best  natural  steel,  as 
uniform  as  possible. 

V.  35  lbs.  of  common  natural  or  puddled  steel. 


■  Oeateir.  Zuchr.,  1864,  p.  S3' 
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VI.  30  or  25  lbs.  of  common  natural  or  puddled  steel, 
together  with  5  or  10  lbs.  of  steel  scraps. 

VII.  35  lbs.  of  pig-iron,  wFOught-iron,  and  steel  scraps  in 
variable  proportions. 

The  accurately  weighed  mixture  is  put  into  a  box  of  sheet- 
iron,  provided  with  a  condudt-tube,  from  which  it  is  charged 
into  the  crucible  by  means  of  a  funnel-shaped  gutter  (page 
266) ;  the  crucibles  are  previously  raised  to  a  white  heat 
in  the  steel  melting  furnaces,  as  they  are  liable  to  crack  if 
they  are  only  red-hot.  An  addition  of  coal  is  introduced  into 
the  crucibles  before  they  are  charged  with  metal.  During 
the  charging,  the  pieces  of  metal  are  placed  as  compactly 
as  possible  in  the  crucible,  by  means  of  an  iron  rod ;  the 
mouth  of  the  crucible  is  then  closed  with  a  clay  lid,  and  the 
furnace  filled  up  with  coke  ;  in  some  steel  works  the  coke 
is  previously  made  red-hot.  The  furnace  mouth  is  now 
closed,  and  the  temperature  raised  to  the  strongest  white 
heat. 

In  some  works  the  steel  is  chained  in  cold  crucibles ;  these 
receive  a  preparatory  warming,  and  are  then  placed  in  the 
strongly  heated  furnaces. 

Before  the  coke  is  completely  burnt  down,  the  furnace  is 
once  or  twfce  replenished  with  fuel  until  the  steel  is  fused, 
which,  according  to  the  largeness  of  the  charge,  will  have 
taken  place  in  3)-  or  4  hours  and  more.  The  workman  ex- 
amines  the  progress  of  the  melting,  by  taking  off  the  lid  of 
the  crucible  and  introducing  a  strong  iron  wire,  when  the 
steel  must  prove  to  be  perfetftly  liquid.  If  no  unfused 
particles  of  metal  can  be  felt,  the  wire,  being  cooled  and 
cleaned,  is  once  more  immersed  into  the  steel  mass,  and  on 
withdrawing  it,  it  must  be  observed  whether  scintillation 
takes  place,  as  compa<5l  particles  of  steel  will  stick  to  the 
wire.  If  the  lids  used  are  provided  with  an  opening,  closed 
with  a  clay  plug  (page  265),  the  plug  is  removed  and  the 
wire  Introduced  through  the  opening.  When  the  steel  is 
found  to  be  perfectly  thin  and  liquid,  the  crucibles  are  kept 
for  a  short  time  at  a  high  temperature,  in  order  to  render 
the  steel  as  uniform  as  possible ;  a  workman  then  lifts  the 
crucible  out  of  the  furnace,  being  assisted  by  two  other 
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labourers,  one  of  whom  loosens  the  crucible  from  the  stand 
and  clinker  adhering  to  the  bottom  of  the  furnace,  while  the 
other,  at  the  same  time,  presses  the  lid  on  the  crucible  by 
means  of  a  hooked  iron  rod.  The  crucible  being  transferred 
to  the  pouring  or  teeming  hole,  which  consists  of  a 
rectangular  cast-iron  box  let  into  the  floor  of  the  building,  is 
placed  upon  a  layer  of  coke  dust,  to  prevent  it  from  coming 
into  contact  with  iron,  and  consequently  cracking.  Before 
pouring,  the  steel  is  allowed  to  cool  down  to  a  certain 
temperature  fixed  by  experience,  which  facilitates  the  density 
of  the  castings. 

The  pouring  itself  must  be  effected  with  the  precautions 
stated  on  page  237. 

When  smaller  ingots  are  being  cast,  the  lid  is  removed  and 
placed  on  the  crucible  which  has  just  been  emptied ;  if  the 
lids  are  provided  with  an  opening  or  plug,  the  latter  only 
is  removed.  The  melter  now  takes  hold  of  the  crucible  with 
the  casting  tongs,  and,  in  pouring  out  the  steel,  he  takes 
care  to  avoid  touching  the  sides  of  the  mould,  which  is  then 
closed  with  an  iron  stopper  fitting  its  mouth,  also  with 
sand,  &c.,  in  order  to  exclude  the  air,  and  to  prevent  the 
ingot  from  becoming  honey-combed. 

The  mode  of  casting  large  ingots  in  Knipp's  works  and  in 
Sheffield,  is  described  on  p^e  241. 

In  Krapp's  worics,  the  drawing  of  the  crucibles*  from  the 
the  furnace  is  facilitated  by  placing  them  on  a  platform, 
which  13  raised  by  a  mechanical  lifting  apparatus  placed 
below  the  ash  pit,  thus  doing  away  with  the  use  of  lifting 
tongs. 

The  workman  (puller  out)  on  lifting  the  crucibles  from 
the  furnace,  piote£ls  himself  from  the  great  beat  by  dressing 
in  tbick  wet  sacking,  and  keeping  a  moist  sponge  before  his 
month. 

Jackson  and  Gaudett  have  employed  centrifugal  power 
.  for  casting  railway  wheels,  tubes,  &c. 

Commencing  a  New  Operation, — After  having  emptied 
the  crucibles,  they  are  turned  mouth  downwards,  cleaned 
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on  the  outside  from  deposits,  and  kept  in  a  strongly  heated 
spare  furnace,  until  the  casting  furnace  is  also  cleaned  and 
put  in  order,  when  the  crucibles  are  returned  into  it,  and, 
according  to  circumstances,  the  melting  may  be  repeated 
in  the  same  crucibles  once  or  twice  more  in  succession  :  the 
melting  time  will  be  diminished  with  each  operation ;  it  will 
decrease,  for  instance,  from  4  or  5  hours  to  2^  or  3,  and  in 
the  later  meltings  even  to  2  hours ;  the  consumption  of  coke 
will  decrease  in  the  same  proportion.  But  as  the  furnace 
increases  in  dimension,  the  crucible  will  be  used  each  time 
with  a  diminished  charge ;  thus,  in  the  first  charging,  it  may 
receive  45  lbs.,  in  the  second  40  tbs.,  and  in  the  third  only 
36  lbs.  The  furnace  is  allowed  to  cool  after  three  or  five 
charges  {from  about  Z2  to  16  hours)  before  a  new  operation 
is  commenced.  In  England,  for  instance,  three  charges  are 
made  in  one  shift,  taking  the  time  of  6,  2^,  and  2^  hours 
respectively;  at  SoUingerhfltte  (Hanover)  three  charges, 
taking  the  time  of  ^ji  hours,  3  and  2^  or  2  hours,  in  one  shift ; 
and  in  Styria  five  charges,  taking  the  time  of  4  to  6,  3, 
z^,  2^,  and  2^  or  2  hours.  Operations  continued  forseveral 
days  are  only  apparently  advantageous,  as  they  corrode  the 
furnace  too  much,  causing  an  increase  in  the  consumption 
of  fuel.  A  furnace  requires  to  be  thoroughly  repaired  after 
having  been  in  operation  for  twelve  or  eighteen  shifts. 

Mechanical  Treatment  of  the  Steel  Ingots, 
The  steel  ingots  are  more  or  less  dense,  brittle,  and  honey- 
combed ;  they  are  taken  out  of  the  moulds  while  still  hot, 
and  if  they  contain  seams  and  have  grains  sticking  to  their 
outside,  they  must  be  removed  by  means  of  a  chisel,  as 
otherwise,  when  the  ingots  are  drawn  out,  these  projeftions 
would  give  rise  to  the  formation  of  cracks  on  the  edges  of 
the  steel  bars.  In  order  to  render  the  ingots  more  compadt 
and  of  greater  strength,  they  are  condensed  and  drawn  out  to 
bars  about  4  feet  long,  under  a  hammer  3  or  4  cwts.  in  weight, 
after  being  heated  up  to  yellow  heat ;  those  bars  that  are 
square  in  section  are  then  raised  to  a  somewhat  stronger 
heat,  and  fully  drawn  out  under  a  lighter  lift  hammer  having 
a  quicker  motion. 
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Lai^r  ingots  are  slowly  heated  for  a  longer  time  (from 
12  to  24  hours)  and  condensed  under  steam  or  press  ham- 
mers, or  under  rolls.  The  ingots,  on  being  heated,  lose  from 
i  to  2  per  cent  of  their  weight. 

Cast-steel  is  also  used  for  the  manu&dture  of  steel  plate 
and  wire. 

The  mechanical  treatment  of  wrought-iron  can  be  no 
guide  in  the  treatment  of  cast-steel,  which  must  be  effeAed 
more  carefully  and  slowly  ;  and,  in  faA,  each  kind  of  cast- 
steel  requires  a  different  degree  of  temperature,  and  possesses 
a  certain  definite  amount  of  plasticity  and  du<!tility,  which, 
in  each  case,  must  he  ascertained  by  experience,  as  any 
superior  steel  may  be  easily  spoiled  by  a  wrong  treatment. 
For  the  purpose  of  condensing  and  drawing  out,  the  steel  is 
heated  to  a  temperature  between  light  red  (rose-red)  and 
darkish  yellow ;  if  a  much  higher  temperature  is  employed, 
the  steel  commences  to  scintillate  and  bum,  and  becomes 
friable ;  if  steel  is  treated  at  too  low  a  temperature,  or  if 
hammered  or  rolled  for  too  long  a  time  (moreover  while  watei" 
is  being  thrown  on  it),  it  will  become  brittle  and  crack,  the 
blows  of  the  hammer  no  longer  penetrate,  and  the  drawing- 
out  does  not  take  place  uniformly.  Whilst  being  hammered  or 
rolled,  the  temperature  of  the  steel  must  not  diminish  below 
brown-redness. 

ILLUSTRATIOHS    OP    THE    MANUFACTURE    OP 
CAST-STEEL. 

Melting  Steel  in  Coke  Furnaces. 

I.  England. — LePIay  gave  the  first  elaborate  description 
of  the  manufatfture  of  cast-steel  in  Yorkshire.  Later  com- 
munications have  been  made  by  Gruner  and  Lao,  Heeren, 
and  Percy. 

The  furnaces  holding  two  crucibles  are  redlangular, 
12  by  22  inches  wide,  and  36  inches  deep  from  the  grate  to 
the  under  side  of  the  furnace  lid. 

The  crucibles  vary  in  size,  some  holding  from  28  to  36  lbs., 
and  others  from  45  to  50  lbs.  of  steel.  The  smaller  charges  are 
melted  in  4  hours ;  the  coke  employed  for  firing  is  in  pieces 
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measuring  from  20  to  70  cubic  inches,  and  the  steel  is  cast 
into  moulds  usually  about  2  feet  long  and  2  inches  thick, 
forming  ingots,  each  weighing  from  21  to  28  lbs.,  which  are 
then  repeatedly  refined  by  being  hammered  or  rolled.  The 
cracibles  last  for  three  meltings,  the  second  and  third  ones 
being  efieifted  in  3  hours.  325  lbs.  of  coke  are  consumed  in 
melting  100  lbs.  of  steel. 

Jullten  has  calculated  the  manufaAuring  cost  of  100  kilos, 
of  cast-steel : — 

a.  In  Furnaces  containing  Two  Crucibles, 

Prance 

108  kilos,  of  cement  steel  at  40  francs  the  100  kilos.  43*20 

450        „      coke,  at  2*50  francs  the  100  kilos.  .    .  11*25 

TVo  crucibles  at  173  francs 3*50 

Labour  at  melting 2*5<) 

Repair  of  the  furnaces I'oo 

Repair  of  the  tools 0*40 

61-85 
Less  5  kilos,  of  refuse  at  0*20  francs I'oo 

Total  cost     .    .    .      6o"85 

b.  In  Furnaces  containing  Four  Crucibles. 

100  kilos,  of  steel 44'0O 

250         „     coke 6*25 

2'2  crucibles 3-85 

labour 2'50 

Repair  of  the  himaces I'oo 

Repair  of  the  tools 0*40 

58-00 
Less  6  kilos,  of  refuse 1-00 

Total  cost  .  .  .  57'oo 
3.  Dbhlen,  near  Dresden. — Furnaces  containing  four 
crucibles  are  used.  The  crucibles  are  made  of  a  mixture 
consisting  of  three  parts  (by  volume)  of  clay  from  Bautzen 
and  Torgau,  three  parts  of  graphite  from  Bohemia,  three 
parts  of  old  ground  crucibles,  and  one  part  of  burnt  clay. 
The  crucibles  are  charged,  when  cold,  with  60  lbs.  of  puddled 
and  natural  steel  of  Thuringia  and  Saxony,  and  after  being 
previously  heated  they  are  exposed  to  the  melting  beat  for 
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about  4  hours.  The  crucibles  last  for  three  meltings. 
Twenty  fnmaces  are  connected  with  a  chimney  ijo  feet  high, 
by  means  of  two  main-channels.  550  lbs.  of  coke*  of  inferior 
qualify,  are  consumed  per  100  lbs.  of  cast-steel. 

3.  Erapp's  Steel  Works*  in  Essen  (Rhenish  Prussia) 
are  the  laigest  in  the  world.  The  number  of  workmen  em- 
ployed at  these  works  amounts  to  8000,  beudes  which,  2000 
mare  are  employed  at  Mr.  Krupp's  collieries,  ironstone 
mines,  and  blast  furnaces.  The  total  produdlion  of  articles 
of  steel  amounted,  in  1866,  to  about  63,000  tons,  representing 
a  total  value  exceeding  one  and  a  half  million  pounds 
sterling.  The  steel  works  contain  412  steel  melting, 
heating,  and  cementing  furnaces ;  the  steel  melting  furnaces 
are  of  different  sizes,  and  are  construfted  sd  as  to  hold  from 
two  to  twenty-four  crucibles,  each  capable  of  containing 
70  lbs.  of  steel. 

Krupp's  large  ingots,  as  well  as  his  mode  of  casting  them, 
have  been  previously  mentioned  (page  241). 

The  following  are  the  chief  articles  of  steel  manufaAured 
by  Krupp : — Tyres,  which  are  all  made  of  crucible  steel, 
and  according  to  his  patent  process,  which  consists  in 
hammering  a  long  square  bloom  to  the  proper  size  and 
splitting  it  longitudinally ;  the  slot  is  afterwards  widened  by 
means  of  wedges  and  by  continued  hammering,  until  the 
hoop  BO  produced  can  be  rolled  in  the  tyre  mill  to  the 
finished  shape  and  size.  About  40,000  steel  tyres  are  pro- 
duced annually. 

Rails,  made  of  cast-steel  of  second  quality,  and  sold  at 
a  price  which  exceeds  by  only  50  per  cent  that  paid  for  good 
iron  rails. 

Guns,  of  all  sizes,  to  a  very  great  extent. 

Also  shafts,  wheels,  &c. 

The  large  ingots  are  hammered  under  a  50-ton  hammer. 

The  Steel  Works  of  the  Bochum  Company,  at  Bochum 
in  Rhenish  Prussia^.  After  Krupp's  works,  these  are  the 
next  in  importance  on  the  Continent,  and  they  excel  in  the 

■  L*t>B.,  Jahrb.,  185a,  ii.,  177:  iSfis,  xii.,  66.  B.  n.  h.  Ztg.,  1857,  p.  366. 
Habtm.,  Porttchr,,  iii.,  358.  BgnrkO.,  iii.,  334.  KOhn,  Iron  and  Steel  Hgun- 
ba&re,  p.  313- 
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pFoduftion  of  perfeA  steel  castings.  At  the  last  Paris 
Exhibition  they  exhibited,  amongst  other  articles,  a  cast- 
steel  bell  weighing  about  15  tons,  another  weighing  9  tons, 
and  two  smaller  ones,  all  of  excellent  surface,  and  giving  a 
very  good  and  clear  sound.  The  Bochum  Company  supply 
many  places  in  Germany  with  such  cast-steel  bells  for 
praAical  use. 

A  specimen,  more  difBcult  to  produce,  was  exhibited  in 
the  form  of  a  locomotive  cylinder  of  very  intricate  shape, 
cast  in  one  piece  of  steel.    The  casting  was  quite  perfeifl. 

The  Bochum  Company  principally  apply  the  process  of 
steel  casting  to  the  manufaAure  of  railway  disc-wheels  and 
railway  points,  and  the  excellent  quality  of  those  wheels  has 
obtained  for  them  great  repute. 

Steel  Works  at  SolUngerhiitte  in  Hanover.  The 
furnaces  used  in  these  works  are  represented  in  Fig.  38  on 
page  254.  The  crucibles  are  made  of  a  mixture  of  fourteen 
parts  (in  volume)  burnt  clay,  nine  parts  of  raw  clay,  and  six 
parts  of  small  charcoal ;  they  are  16  inches  high,  and 
6|  inches,  6^  inches,  and  8^  inches  wide  at  the  top,  bottom, 
and  in  the  belly,  respectively ;  their  sides  are  |  of  an  inch 
thick.  One  crucible  weighs  about  20  lbs.,  and  is  capable  of 
containing  from  24  to  26  lbs.  of  steel.  The  crucible  lids  are 
i^  inches  thick. 

The  crucibles  are  kept  in  a  hot  room  for  about  four 
months,  and  then,  four  of  them  at  a  time,  are  heated  to  light 
redness,  when  they  are  placed  in  the  melting  furnaces, 
which  are  previously  heated  to  white  heat. 

The  crucibles,  on  being  raised  to  white  heat,  are  charged 
by  means  of  a  funnel-shaped  charger,  i-i20th  of  charcoal 
powder  being  added  when  the  produAion  of  weldable  cast- 
Steel  is  intended,  and  an  addition  of  z-9oth  of  charcoal 
powder  is  made  when  the  produdtion  of  unweldable  steel  is 
designed ;  the  furnace  is  now  filled  y/ith  coke,  and  the 
melting  is  finished  in  3}  hours,  during  which  time  perhaps 
fresh  coke  has  once  or  twice  to  be  added.  The  resulting 
cast-steel  is  poured  into  cast-iron  moulds,  and  the  ingots  are 
condensed  and  drawn  out  under  light  lift  hammers ;  they 
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are  re-heated  is  an  open  charcoal  fire.  The  cracibles 
last  for  three  meltings,  and  the  second  and  tbitd  meltings 
occapy  the  time  of  3  hours,  and  2;^  or  2  hours  respectively. 
A  furnace  containing  four  crucibles  yields  about  3  cwts.  of 
cast-steel,  at  a  consumption  of  from  So  to  90  cubic  feet 
of  coke.  The  operation  of  melting  causes  scarcely  any  loss, 
yielding  99-21  or  9g'24  per  cent  of  ingots ;  the  loss  in  re- 
heating amounts  to  about  i  or  2  per  cent,  and  that  caused 
by  the  breaking  of  the  raw  steel,  0*65  per  cent.  100  lbs.  of 
foiled  cast-steel  require  107*2  lbs.  of  raw  steel,  33*36  cubic 
feet  of  coke,  and  16*9  cubic  feet  of  charcoal,  for  their  produc- 
tion. Three  meltings  are  made  in  one  shift,  and  the  furnace 
is  repaired  after  having  served  for  from  forty-four  to  fifty-four 
meltings.    The  cast-steel  produced  is  of  excellent  quality. 

Melting  of  Steel  in  Furnaces  Heated  with  Mineral 

Coal. 
In  French  steel  works,  at  Lorette,  for  example,  nine  or  ten 
crucibles  ^e  placed  in  one  furnace.  The  crucibles  are  0*5  or 
o*6  metre  high,  and  0*20  or  o"22  metre  in  diameter  on  the 
outside.  They  are  charged  with  j6  kilos,  of  steel,  and  heated 
in  furnaces  like  those  represented  on  page  262  in  Figs.  39 
and  40,  which  require  skilful  workmen  to  be  in  attendance. 
A  mdting  is  finished  in  three  or  four  hours  ;  five  meltings 
are  made  in  twenty-four  hours,  at  a  consumption  of  from 
320  to  450  kilos,  of  coal  per  100  kilos,  of  cast-steel. 
.  Jullien  has  calculated  the  melting  cost  per  100  kilos,  of 
cast-steel,  in  furnaces  holding  nine  crucibles,  to  be  as  follows: 

Franca. 

106  kilos,  of  steel,  at  40  frs.  per  kilo.      .    .  42*40 

333  kilos,  of  coal,  at  1*50  frs.  per  100  kilos.  5*00 

1*23  crucibles,  each  at  2*25  frs 2*77 

Labour 2*50 

Repairs  of  the  furnaces 3*00 

Repairs  of  the  tools 0*40 

Blast  and  re-annealing o'lo 

56-17 
I^ess  3  kilos,  of  refuse,  0*20  fr.  per  kilo.    .    .     .      o'6o 

Total    .    .     .    55*57 

T  2 
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Melting  of  Steel  ia  Furnaces  Heated  with  Charcoal. 

At  Hirschwang,  near  Reichenau,  four  furnaces  are  coD- 
nedted  with  one  chimney.  The  shaft  of  the  furnaces  ia  cir- 
cular, and  lined  with  a  mixture  of  old  ground  crucibles  and 
i  part  of  clay.  The  grates  of  the  furnaces  are  formed  of 
perforated  cast-iron  plates,  under  which  blast  of  from  100°  to 
280°  C.  is  condu<5led.  Each  furnace  is  32  inches  in  dia- 
meter, and  is  provided  with  a  hearth  for  preparatory  heating 
2  feet  broad,  2  feet  high,  and  13  feet  long.  All  these  hearths 
run  radially,  so  as  to  join  in  a  chamber  which  contains  a 
Scotch  blast  heating  apparatus,  whence  the  hot  gases  enter 
a  common  chimney.  Bach  furnace  contains  seven  cru- 
cibles 12  or  14  inches  high,  and  from  5  to  7  inches  in  dia- 
meter. The  crucibles  are  made  on  a  potter's  wheel,  30  in 
12  hours,  of  a  mixture  consisting  of  i^  parts  of  clay,  i  part 
of  small  coal,  and  2  parts  of  graphite  ;  a  crucible  in  a  dry 
state  weighs  15  lbs. 

The  components  of  the  mixture  for  twelve  cmcibles  are 
mixed  in  a  finely  divided  state  for  one  and  a  half  or  two 
hours  ;  the  mass  is  then  sifted,  moistened,  beaten,  and  divided 
into  12  parts.  The  crucibles,  having  been  sufficiently  dried 
in  the  air,  are  charged  and  placed  twenty-one  at  a  time  od 
the  hearths  for  preparatory  heating.  Each  crucible  is  capable 
of  containing  35  lbs.  of  steel,  and  a  melting  is  finished  in 
about  four  hours ;  soft  steel  requires  more  time  for  melting 
than  hard  steel.  Six  or  seven  different  kinds  of  steel  are 
produced,  each  requiring  a  different  raw  material  (page  267), 
but  to  each  charge  i-i6th  ounce  of  brownstone  is  added.  The 
steel  is  cast  in  cast-iron  moulds  tapering  somewhat  towards 
the  top ;  they  are  loj  inches  high  and  4I  inches  wide.  From 
29  to  30  cubic  feet  of  charcoal  are  consumed  in  melting 
100  lbs.  of  raw  steel ;  100  lbs.  of  raw  material  yield  90*3  lbs. 
of  drawn  out  cast-steel. 

At  Krems,  from  25  to  30  cubic  feet  of  charcoal  are  con- 
sumed for  the  production  of  100  lbs.  of  cast-steel. 

Melting  Steel  in  Siemens's  Furnace.  * 

This  furnace  has  long  been  successfully  employed  for  the 
making  of  steel  in  Mayr's  works,  at  Leoben  in  S^a,  where 


,;  Google 


ILLUSTRATIONS  OP  STBBI.  UBLTINO.  277 

3  cwts.  of  brown  coal  are  consumed  io  the  produAion  of 
I  cwt.  of  steel  ingots.  Each  furnace  contains  twenty 
cruciMes,  and  each  crucible  is  capable  of  holding  60  Iba.  of 
steel.    100  cwts.  of  steel  are  melted  in  six  days. 

At  Doblen,  near  Dresden,  furnaces  containing  twelve 
cnicibles  each  are  used ;  they  are  charged  three  times  a  day, 
and  each  time  with  a  total  charge  of  720  lbs.  of  steel,  which 
is  melted  at  a  consumption  of  from  66  to  84  cubic  feet  of 
brown  coal. 

Sieraens's  furnace  has  also  been  adopted  for  the  manu- 
EaAure  of  steel  by  some  of  the  steel  makers  in  ShefBeld,  in 
lieu  of  the  old-established  coke  fires.    The  furnace  has  been 
successfully  in  operation  for  a  length  of  time  in  Mr.  Siemens's  ' 
steel  works  in  Birmingham. 

The  following  is  Mr.  Siemens's  own  description  of  the 
furnaces : — 

"  In  the  application  of  the  system  to  the  fusion  of  steel  in 
closed  pots  or  crucibles,  the  melting  chamber,  containing 
generally  twenty-four  pots,  is  construfted  in  the  form  of  a 
long  trench,  3  feet  6  inches  wide  at  the  bottom,  and  gathered 
in  to  under  2  feet  at  the  top.  The  sides  of  the  melting 
chamber  are  arched  both  horizontally  and  vertically,  to 
keep  them  fix>m  sinking  together  in  working,  and  the  work 
is  strengthened  by  cross  walls  at  intervals.  The  pots  are 
set  in  a  double  row  along  the  centre  of  the  melting  chamber, 
and  the  flame  passes  from  side  to  side,  the  gas  and  air  from 
the  regenerators  being  introduced  alternately  from  one  side 
and  from  the  other,  opposite  to  each  pair  of  pots.  The 
melting  chamber  is  closed  above  by  loose  firc-brick  covers, 
which  are  drawn  partly  off  in  succession  by  means  of  a  lever 
suspended  &om  a  pulley  above  the  furnace,  when  the  pots  are 
to  be  charged  or  drawn  out.  The  pots  stand  in  a  bed  of  finely 
ground  coke  dust,  resting  on  iron  plates.  The  coke  dust 
bums  away  only  very  slowly,  if  it  is  made  of  hard  coke  and 
finely  ground,  and  it  presents  the  great  advantage  of  re- 
maining  always  in  the  form  of  a  loose  dry  powder,  in  which 
the  pots  stand  firmly,  while  every  other  material  that  I  have 
tried  either  softens  in  the  intense  heat,  or  sets,  after  a  time, 
into  a  hard,  uneven  mass,  in  which  the  pots  do  not  stand  well. 
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"  The  process  of  melting  carried  out  in  this  fonn  of  gas 
furnace,  is  the  same  in  all  respe^s  as  that  in  the  small  air 
furnaces  or  melting  holes  fired  with  coke  which  are  commonly 
employed,  but  a  great  saving  is  effedted  in  the  cost  of  fuel, 
and  in  the  number  of  crucibles  required. 

"The  ordinary  consumption  of  hard  coke,  costing  228.  per 
ton  in  Sheffield,  is  between  3  and  4  tons  per  ton  of  steel 
fused,  while  in  the  gas  furnace  the  same  work  may  be  done 
by  the  expenditure  of  15  to  20  cwts.  of  common  coal  slack 
(worth  only  from  ss.  to  8s.  per  ton),  at  a  cost  of  only  58., 
against  75s.  per  ton  of  melted  steel.  There  is  a  further 
saving  in  the  number  of  crucibles  required,  as  they  may  be 
used  in  the  gas  furnace  four  or  five,  and  sometimes  even  ten 
times,  while  in  furnaces  heated  by  coke,  2  or  3  casts  are  as 
much  as  are  ever  obtained.  The  lining  of  the  furnace  lasts 
at  least  15  to  ao  weeks  without  repair  (in  work  day  and 
night),  while  4  or  5  weeks  is  the  longest  duration  of  the 
ordinary  coke  fired  holes." 

The  manufacture  of  the  crucibles  employed  requires  an 
unusual  amount  of  attention,  on  account  of  the  high  tem- 
perature to  which  they  are  exposed.  They  are  made  of  a 
mixture  of  }  pure  kaolin,  ^  Derbyshire  clay,  and  ^  Yorkshire 
clay  from  Stannington,  to  which  a  small  quantity  of  coke 
dust  is  added.  A  special  and  very  handy  machine  has  been 
designed  by  Mr.  Siemens,  for  the  purpose  of  making  these 
crucibles  with  a  solid  bottom,  since  the  hole  in  the  centre 
of  the  bottom,  which  is  usual  in  England  in  the  case  of  com- 
mon steel  melting  pots,  and  which  is  merely  stopped  up  by 
throwing  a  handful  of  sand  into  each  crucible,  is  unsuitable 
for  the  high  temperature  of  the  gas  furnace. 

At  Montataire,  steel  was  experimentally  melted  on  the 
open  hearth,  viz.,  hard  steel  in  charges  of  about  7  cwts.  in 
4  hours,  and  similar  charges  of  soft  steel  in  6  hours ;  the 
hearths  had  an  area  of  10  square  feet,  and  the  consumption 
of  coal  amounted  to  14  cwts.  per  charge. 

HARDBNINQ  AND  TBMPERINQ  STEEL. 
Steel  has  the  property  of  becoming  hard  when  suddenly 
cooled  from  a  high  temperature.    The  degree  of  hardness 
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imparted  by  the  operation  is  dependent  partly  on  the  amount 
of  carbon,  but,  in  a  greater  degree,  on  the  difference  of  tem- 
perature between  the  heated  metal  and  that  of  the  fluid  em- 
ployed in  hardening,  and  the  rapidity  with  which  the 
cooling  takes  place.  Those  fluids  that  are  the  best  condudlors 
of  heat  produce  the  greatest  hardness;  for  this  reason 
mercury  is  most  efficacious,  whilst  alcohol  is  almost  entirely 
withoat  at^on.  For  the  reasons  stated  on  page  25  the 
operation  of  hardening  causes  the  following  modifications  in 
the  steel : — It  attains  a  clean,  smooth,  silver-white  metallic 
surface,  and  a  grain  so  fine  as  to  be  no  longer  visible  to  the 
naked  eye ;  it  decreases  in  specific  gravity,  whilst  it  increases 
in  volume  (page  26),  and  in  strength  (page  16). 

As  these  modifications  become  more  or  less  apparent,  ac- 
cording to  the  performance  of  the  operation,  steel  is  easily 
rendered  too  hard  and  brittle,  and  its  elasticity  is  decreased 
if  the  difference  of  temperature  between  the  heated  metal 
and  that  of  the  fluid  employed,  does  not  correspond  with  the 
nature  of  the  steel.  This  difference  must  be  lai^er  if  the 
produdlion  of  harder  steel  of  less  elasticity  is  intended,  and 
vice  versa ;  and  it  may  be  modified  either  by  employing  a 
warmer  liquid  for  cooling,  or  one  of  higher  condu<5ling  power, 
without  changing  the  temperature  of  heating ;  or  by  raising 
this  temperature,  and  employing  the  original  liquid  for 
cooling.  The  usual  heat  employed  is  cheny-redness,  or 
somewhat  below  it, 

la  hardening  steel,  it  is  important  that  it  should  be  heated 
up  to  the  temperature  corresponding  to  its  nature,  in  order 
to  impart  to  it  the  hardness  and  elasticity  required  for  its 
further  treatment.  A  great  number  of  liquids,  some  of  them 
very  ridiculous,  have  been  recommended  and  suggested  for 
cooling  the  heated  steel,  but  they  cannot  replace  the  ex- 
perience of  the  workmen,  and  an  inexperienced  man  is  never 
able,  in  every  case,  to  impart  to  the  steel  the  desired  hard- 
ness. 

Steel  combining  the  greatest  hardness  with  the  greatest 
elasticity,  is  the  most  perfect,  and  its  perfei5tion  is  the  greater 
if  it  easily  attains  that  hardness,  or,  in  other  words,  if  it 
only  requires  a  low  temperature  previous  to  cooling.    The 
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temperature  required  for  hardening  decreases  with  the 
quality  qf  steel ;  it  is  usually  highest  with  natural  steel  and 
lowest  with  cast-steel,  answering  to  the  fafl  proved  by 
experience,  that  the  hardening  is  the  more  perfeA  the 
finer  and  lighter  the  grain  which  the  steel  has  acquired. 
The  hardeoing  of  cast-steel  has  been  explained  oo  ps^ 
«45. 

The  dtfGculties  accompanying  the  hardening  of  steel  con- 
sist, therefore,  partly  in  the  variable  quality  of  the  steel 
itself,  but  more  so  in  the  inability  to  determine  the  degree 
of  temperature  which,  in  eveiy  case,  corresponds  to  the  nature 
of  the  steel  under  treatment.  For  this  purpose  many 
remedies  have  been  proposed,  but  all  have  proved  ineffectual, 
and  the  old  and  only  one  is'  still  employed,  namely,  that  of  - 
judging  by  the  colour  of  the  heated  article ;  this  requires  a 
very  experienced  eye,  and  tliat  even  is  liable  to  mistakes, 
as  the  colours  of  the  same  steel  at  the  same  degree  of  heat 
have  a  different  appearance  according  to  the  time  of  day,  the 
weather,  &c. 

The  very  greatest  care  will  therefore  not  always  enable 
the  steel  to  be  raised  to  that  degree  of  temperature  which 
may  ensure  the  proper  hardness  and  elasticity ;  if  it  does 
not  at  first  become  sufficiently  hard,  the  operation  of 
hardening  must  be  repeated,  and,  on  the  other  hand,  when 
the  steel  has  become  too  hard,  thus  decreasing  in  elas- 
ticity and  tenacity,  or  if  the  steel  is  to  be  engraved, 
its  hardness  must  be  decreased  by  tempering  ;  the 
higher  the  temperature  employed,  the  softer  the  steel  will 
become. 

We  mentioned  the  various  colours  in  which  the  steel  ap- 
pears at  different  degrees  of  tei^perature,  on  page  19  ;  the 
following  table  shows  the  articles  for  which  those  colours 
are  considered  suitable  : — 
TemperatDte.  Colour.  Temper  of  vsriouiartidei. 

C.       Fahr. 
221°    430°    Very  pale  yellowish.    Lancets. 
232°    450°    Pale  straw.  Best    razors,    and   most 

surgical  instruments. 
Z43*    470°    Full  yellow.  Common     razors,    pen- 

knives,  &c. 
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Tetmntntc.  Cokmr.  Temper  of  vmrioniaitklc*. 

254     490°    Brown  Small    shears,    scissors, 

chisels  for  cutting  cold, 
hoes. 
a65*    510'    Brown,  dappled  with 

purple  spots  Axes,  plane-irons,  pocket 

knives. 
277°    530*    Puiple  Table  knives,  large  shears. 

aSff*    550°    laght  blue  Swords,    watch    springs, 

bell  springs. 
393*    560"    Full  blue  Fine      saws,      daggers, 

augers. 
3x6°    600*    Dark  blue  Hand  and  pit  saws. 

On  slowly  cooling,  these  temper  colours  appear  in  reversed 
order,  and  the  steel  is  plunged  into  the  liquid  as  soon  as  the 
proper  colour  becomes  apparent. 

Those  articles,  therefore,  which  require  the  greatest  hard- 
ness are  heated  up  to  the  yellow  heat,  and  for  those  which 
require  more  tenacity  and  elasticity  than  hardness,  the  steel 
is  heated  until  it  attains  the  blue  colour. 

The  tempering  of  cast-steel  has  been  described  on  page  245. 

Forthe  purpose  of  hardening,  steel  is  heated  either  in  open 
fires,  fed  with  charcoal  or  coke,  or  in  glowing  furnaces,  some- 
times  before  the  blast-pipe,  or  in  cases  made  of  clay,  plate  or 
cast-iron,*  &c. ;  smaller  articles  are  sometimes  heated  in  the 
flame  of  a  candle  or  lamp.  The  re-heating  for  tempering  the 
steel  is  generally  effeAed  in  baths  of  molten  metals,  or 
metallic  alloys,  having  de&nite  fusing  points.  Thus  alloys 
of  tin  and  lead,  in  variable  proportions,  may  be  used  up  to 
a  temperature  of  about  300°  C  ;  above  which,  boiling  linseed 
oil  and  pure  lead  are  to  be  employed  Sometimes  also  the 
articles  to  be  tempered  are  re-heated  in  open  fires  or  on  a 
heated  cast-iron  plate. 

The  heating  before  hardening  must  be  efi'eifted  quickly  and 
uniformly,  to  prevent  the  formation  of  much  scale ;  thus 
the  steel  will  also  be  rendered  more  tenacious,  and  less  liable 
to  become  warped  than  when  the  opposite  course  of  heating 
js  followed. 

English  cast-steel  must  not  be  heated  above  rose-red  or 

*  Bgwkfd.,  ix.,  431.    DiNot..,  Bd.  loj,  p.  loti 
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brown-red  heat  in  the  process  of  hardening,  as  a  higher 
temperature  will  render  it  too  hard  and  brittle ;  German 
cast-steel  occasionally  admits  of  a  higher  temperature,  but 
it  also  frequently  requires  a  lower  temperature  than  English 
steel;  the  steel  from  SollingerhOtte,  in  Hanover,  for  ex- 
ample, requires  a  comparatively  low  temperature  to  render 
it  capable  of  being  formed  into  articles  with  the  finest  edges. 
Shear  steel  must  be  hardened  at  a  much  higher  temperature 
than  cast-steel.* 

In  hardening  steel,  the  nature  and  temperature  of  the 
fluidt  employed  for  cooling  is  of  essential  influence.  The 
one  most  commonly  used  is  water,  which  renders  the  steel 
harder  or  softer  according  to  whether  it  is  more  or  less  cold 
or  hot.  Water  containing  salts  (saltpetre,  for  instance)  in 
solution,  renders  steel  harder  than  soft  water,  owing,  it  ia  - 
said,  to  its  being  a  better  condudtor  of  heat ;  this  is,  bow- 
ever,  doubtful. 

Greasy  substances,  such  as  oil,  tallow,  wax,  and  soap, 
impart  to  the  steel  a  lower  degree  of  hardness  than  water, 
as  they  protra<5l  the  cooling,  whilst  hardness  is  increased  by 
all  acids  and  mercury.  The  above-named  greasy  substances 
are  chiefly  employed  when  a  great  number  of  thin  and 
elastic  substances,  such  as  needles,  fishing-hooks,  steel  pens, 
springs,  &c.,  are  to  be  hardened. 

The  nature  of  the  fluids  must  be  regulated  so  as  to  suit 
that  of  the  steel,  and  also  the  degree  of  hardness  intended. 
For  this  reason,  files  are  hardened  in  slightly  acid  water 
containing  some  saltpetre ;  anvils  and  hammers  in  very  cold 
running  water ;  arms  and  cutlery  in  greasy  substances ; 
springs  and  scythes  in  hand  warm  water  or  in  molten 
tallow,  &c. 

Articles  of  non-uniform  dimensions,  those,  for  instance, 
with  a  sharp  edge,  are  liable  to  crack  unless  th^  are  cooled 
in  substances  which  are  bad  condu<5tors  of  heat  (greasy 
substances,  moistened  small   coal,  &c.}.      Cracks  on  the 


*  DiKat..,  Bd.  ta8,  p.  154.  Bgwkfd.,  ix.,  410.  B.  a.  h,  Ztg.,  1858,  p.  6aa. 
t  BgwkH.,  vi,,336;  lx.,433;  xi-i  4781  SO^-     Polyt.  Cenlr.,  1847.  P- U^o  J 
i8S3<  P-  737-  DiNQi".  Bd.  SS,  p.  54. 
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edges  of  the  steel*  may  also  be  caused  by  certain  impurities 
la  the  steel,  such  as  silicon,  which  may  be  avoided  in  cast- 
steel  by  adding  some  carbide  of  manganese  in  the  melting 
pots  (page  249). 

Large  massive  articles  frequently  frailure  on  hardening, 
owing  to  contradtion ;  it  is  therefore  advisable  to  previously 
compress  such  articles  by  strong  blows  under  a  hammer,  or 
by  pressing  or  rolling. 

Most  steel  tools  require  to  be  hardened  only  in  one  part 
(point,  edge,  &c.)i  or  perhaps  in  two  parts ;  this  is  efTeAed 
by  plunging  only  that  portion  of  the  tool  into  the  fluid  for 
cooling,  while  the  other  part  is  used  for  producing  the  proper 
temper  colour.  This  mode  of  hardening  easily  gives  rise  to 
the  formation  of  cracks  on  the  hardened  steel,  which,  how- 
ever,  according  to  Rust,  may  be  avoided  by  plunging  the 
steel  article  inversely  into  the  fluid,  so  that  the  part  to  be 
hardened  comes  last  into  contaA  with  the  fluid.  The  steel 
must  afterwards  be  tempered. 

Cast-steel  rolls  are  made  either  of  soft  cast-steel,  and  are 
then  hammered  and  forged,  or  hard  cast>steel  is  at  once  em- 
ployed, and  the  hardening  is  effected  by  the  cast-iron  mould 
in  which  the  rolls  are  cast. 

Dittmar,t  in  Sheffield,  hardens  cast-steel  files  in  the 
following  manner : — Refuse  of  leather,  bom,  &c.,  is  burnt 
and  finely  pounded,  and  4  lbs.  of  this  powder  is  mixed  with 
^  lb.  of  pounded  soot,  ^  lb.  of  common  salt,  and  some 
potter's  clay ;  the  mixture  is  converted,  by  the  addition  of 
water,  into  a  pasty  mass,  to  which  some  vinegar  or  barm  is 
added.  •  This  paste  is  put  on  the  files  and  dried  ;  the  files 
are  then  heated  and  cooled  in  a  very  dilute  solution  of 
common  salt ;  the  film  of  oxide  which  has  formed  is  removed 
with  dilute  sulphuric  acid,  and  they  are  rapidly  dried  in  hot 
air  on  an  iron  box. 

Hardening  the  Surface  of  Wrought-Iron. — In  order  to 
provide  the  surface  of  malleable  iron  with  a  crust  of  hard 
steel,  the  iron,  while  heated  to  welding  heat,  is  plunged  into 

*  DmoL.,  Bd.  133,  p.  107. 
t  BgwkTd.,  xviii.,  467. 
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liquid  pig-iron*  and  forged  out ;  but  more  frequently  the  iron 
is  heated  with  substances  producing  cyanogen,  or  it  is  im- 
mersed into  them  while  in  a  hot  state.  According  to 
Martignoni,t  the  iron  is  raised  to  red  heat  and  coated  with  a 
mass  for  hardening,  which  consists  of  a  mixture  of  five  parts 
burnt  and  powdered  cows'-hoofs,  five  parts  of  Peruvian  bark, 
two  and  a  half  parts  of  common  salt,  one  and  a  half  parts  of 
potash-saltpetre,  two  and  a  half  parts  of  ferrocyanide  of 
potassium,  and  ten  parts  of  black  soap.  This  mass  is  then 
burnt  away  in  the  fire,  and  the  iron  cooled  by  plunging  it 
into  water.  Vaughant  states  that  a  fiuid  suitable  for 
immersion  of  the  red-hot  iron  may  be  obtained  by  fusing 
together  twenty-five  parts  of  ferrocyanide  of  potassium,  sixty- 
five  of  common  salt,  ten  of  bichromate  of  potash,  with  an 
addition  of  powdered  bones  and  animal  charcoal.  JohnsonI 
produced  a  similar  fiuid  from  a  mixture  of  500  parts  grease, 
500  oil,  550  charcoal,  250  ferrocyanide  of  potassium, 
330  horn,  and  300  saltpetre.  Carr^g  suggested  the  following 
method: — The  iron  is  slightly  cemented  in  the  usual 
manner,  and  the  crystalline  texture  thus  produced  on  the 
surface  of  the  iron  is  transformed  by  rapidly  heating  the 
article  to  a  temperature  equal  to  the  highest  point  used  in 
cementing.  For  this  purpose,  the  article  is  removed  from 
the  cementing  boxes.  It  is  then  allowed  to  cool  slowly  by 
exposure  to  the  air,  when  it  may  be  submitted  to  the  process 
of  hardening. 

Welding  Steel  to  IronlT  (Steeling  of  Iron). 
As  many  articles  would  be  too  expensive  if  formed  wholly 
of  cast-steel,  they  are  frequently  made  of  malleable  iron, 
and  steel  is  welded  to  those  parts  of  the  article  which  must 
absolutely  be  of  that  metal.  As  malleable  iron  requires  a 
higher  temperature  for  welding  than  steel,  the  latter  is  put 

■  Bgwkfd.,  ix.,  lafi;  iL,  567. 
t  DiNOL.,  Bd.  16S,  p.  333. 

iWAONBK's  Jahrsber.,  1858,  p.  17. 
DiHOL.,  Bd.  158,  p.  305. 
t  Ibid.,  160,  p.  198. 
4  B.  a.  h.  Ztg.,  1346,  p.  461  i    1853,  1 
DiHOL.,  Bd.  8g,  p.  338 ;  Bd.  gi,  p.  33 ;  1 
Bd.  130,  p.  136 ;  Bd.  137,  p.  440. 
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into  the  fire  later  than  the  iron,  otherwise  the  steel  would 
be  partly  burnt  before  the  iron  had  attained  the  proper  tem- 
perature. In  some  cases  the  two  metals  are  heated  in 
different  fires,  the  iron  in  a  fire  heated  with  mineral  coal, 
and  the  steel  in  one  heated  with  charcoal ;  they  are  then 
united  on  the  anvil  by  quick  light  blows.*  In  welding,  the 
steel  is  either  placed  on  the  iron,  or  in  a  slit  cut  in  the  iron. 

For  the  welding  to  be  peifei5tly  successful,  it  is  requisite 
to  exclude  the  air.  This  is  effeifted  by  thoroughly  cleaning 
the  parts  to  be  welded,  and  throwing  sand  or  clay  on  them, 
or,  what  is  still  better,  coating  them  with  borax.  An  addition 
of  sal-ammoniac  is  likewise  found  to  be  advanta|^us.t 

It  is  important  that  the  steel  used  for  welding  to  iron 
should  be  of  such  dimensions  as  will  still  allow  of  being 
drawn  out.  The  heating  modifies  the  state  of  aggregation, 
but  both  this  and  the  uniformity  may,  however,  be  reconsti- 
tuted  by  the  action  of  the  hammo-. 

Heating  the  metal  at  too  low  a  temperature,  necessitates 
a  too  cold  hammering,  and  thereby  induces  brittleness. 

It  is  more  difficult  to  weld  cast-steel  to  malleable  iron, 
than  the  cement  steel  or  natural  steel  from  which  that  cast- 
steel  is  produced ;  the  hard  kinds  of  steel,  rich  in  carbon, 
cannot  be  welded  at  all.  A  skilful  workman,  well  acquainted 
with  the  nature  of  the  steel,  and  especially  its  behaviour  in 
higher  temperatures,  does  not  require  special  appliances  for 
welding  it  to  iron.  They  may,  however,  be  advantageous  to 
one  less  experienced,  to  prevent  a  partial  decarbonisation, 
and  to  render  the  welding  planes  perfedtly  clean.  For  this 
purpose,  several  welding  powders  are  recommended  to  be 
thrown  on  the  red-hot  places  of  the  articles  which  are  to 
be  welded  together.  Rust,t  for  instance,  suggests  a  mixture 
of  4i'5  borax,  35  common  salt,  15*5  ferrocyanide  of  potas- 
sium, and  8  calcined  soda.  Hustigji  recommends  a  mixture 
of  loam  and  slacked  lime,  and  Habich§  one  of  7  ferrocyanide 
of  potassium,  2  calcined  soda,  with  a  small  addition  of  borax. 

t  Ibid.,  ii.,  «3 !  vii.,  no. 

}  DiNOL.,  Bd.  140,  p.  334.    Bgwidd.,  xiz.,  476. 

II  Folyt.  Centr.,  iSj6,  p.  693. 

%  Dniai..,  Bd.  140,  p.  369. 
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Regeneration  of  Bnmt  Steel. 

The  treatment  of  steel  in  foi^ng  is  very  difficult,  as  it 
is  liable  to  lose  carbon  (burn)  if  heated  too  long  and  at 
too  high  a  temperature.  Burnt  steel,  which  is  friable  and 
brittle,  may  be  reconstituted  by  plunging  it  into  carbonising 
agents.  The  following  mixtures  for  regeneration  have  been 
made  use  of : — Rigaud  employs  i  kilo,  of  sheep-tallow,  i  kilo, 
of  unpurified  linseed  oil,  and  loo  grammes  of  pine-soot; 
Gerard,  a  mixture  of  lo  resin,  5  fish  oil,  and  3  sheep-tallow ; 
Wagner,  500  tallow,  125  black  pitch,  375  sal-ammoniac, 
xz$  ferrocyanide  of  potassium,  75  black  pepper,  30  soap 
powder,  and  30  common  salt;  Schnedermann,  5  kilos,  of 
resin,  2*5  kilos,  of  fish-oil,  z  of  tallow,  and  125  grammes  of 
assafcetida.  Werthheim's  composition  is  especially  recom- 
mended ;  it  consists  of  Z  lb.  tallow,  ^  lb.  of  black  pitch, 
}  lb.  sal-ammoniac,  }  lb.  ferrocyanide  of  potassium, 
i|-  ounces  black  pepper,  i  ounce  soap  powder,  and  a  handful 
of  common  salt. 

Cizancourt*  considers  the  presence  of  carbonic  oxide  to 
be  sufficient  for  the  carbonisation  of  iron ;  this  likewise  ex- 
plains Malbei^'s  views  (page  22). 

*  Ano.  d.  Min.,  j  llvr.,  1S63,  p<  297. 
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FUEL. 


The  tenn  fwl*  is  applied  to  all  substances  which  are 
praftically  employed  for  the  produition  of  heat. 

The  combustibles,  or  different  kinds  of  fuel,  occur  either 
in  the  vegetable  kingdom  (wood),  or  in  the  mineral  kingdom ; 
those  belonging  to  the  latter  (turf,  lignite,  coal),  are  a  trans- 
formation of  vegetable  substances.  From  this  raw  fuel, 
artificial  fuel,  such  as  charcoal,  coke,  and  combustible  gases 
may  be  produced. 

The  kinds  of  raw  fuel  are  materially  composed  of  carbon, 
hydrogen,  oxygen,  and  certain  inorganic  substances;  in 
perfe^  combustion  they  yield  carbonic  acid  and  water,  the 
inoi^nic  substances  remaining  meanwhile  in  the  form  of 
ashea. 

The  following  is  the  behaviour  of  raw  fuel  at  higher 
temperatures : — When  heated  with  the  exclusion  of  air  (dry 
distillation)  the  atoms  of  the  different  constituents  of  the  fuel 
follow  the  laws  of  affinity,  and  become  transformed ;  the 
oxygen  will  combine  with  the  hydrogen,  forming  water ;  the 
surplus  of  these  elements  will  then  unite  with  carbon,  forming 
either  carbonic  oxide,  carbonic  acid,  carburetted  hydrogen 
and  oxygen  compounds,  &c.,  which  compounds  either  escape 

*  Emapp,  Cbem.  Techoolode,  i.,  C.  Schebkbr's  MfUUnrgie,  1.,  135. 
FsiTSCBB,  die  Brennitofe  und  ibre  Aoweadnng :  Nenstadt,  1847.  C.  Hakt- 
HAMM,  die  miDeraliscbeD  BrenDBtofle :  Httlle,  1856.  Tukhbk,  SubeiKa  und 
StablWdtong :  Freiberg,  183S,  p.  19.  Mvspbatt'b  Angew.  Cbemie.,  bearb. 
▼on  SroMAini,  Bd.  ii,,  1S57. 
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as  more  or  less  combastible  gases,  or  become  condeosed  to 
fluids  (tar,  acetic  acid,  &c.)-  In  no  case  does  fuel  contain 
so  lai^  an  excess  of  oxygen  and  hydrogen  as  to  transfonn 
all  the  carbon  into  gaseous  compounds,  part  of  it  will  always 
remain  in  the  form  of  charcoal  or  coke,  mixed  with  the  ash- 
forming  components,  and  this  surplus  of  carbon  will  be  the 
greater  if  the  process  of  carbonisation  has  been  carried  on  at 
a  low  temperature,  or  at  a  very  gradual  increasing  tempera- 
ture. It  is  the  objeft  of  the  process  of  carbonisation  to 
produce  this  carbon.  Ebelmen*  has  analysed  the  gases 
that  result  in  the  different  periods  of  the  process  of  carboni- 
sation, and  their  composition  has  led  him  to  draw  conclusions 
on  the  chemical  reactions  of  the  process,  and  to  suggest 
practical  rules  for  it. 

Owing  to  the  imperfeAion  of  the  apparatus,  a  defeAtve 
combustion  of  the  compaA  raw  fuel  usually  takes  place 
in  the  metallurgical  processes;  the  oxygen  of  the  atmo- 
sphere combines  with  the  most  readily  oxidised  substance, 
namely,  the  hydrogen  contained  in  the  surface  of  the  fuel, 
and  the  heat  thus  produced  carbonises  the  interior  of  the 
compa(5t  fnel,  in  consequence  of  which  combustible  gases 
are  emitted.  These  ignite  and  form  a  fiame,  while  the 
remaining  carbon,  not  being  volatile,  gradually  combines 
with  oxygen,  producing  a  glowing  fire.  Fuel  ignites  the 
more  readily,  and  continues  to  bum  with  a  long  flame,  if  it 
contain  a  lai^je  proportion  of  hydrogen. 

The  combustibility,  that  is,  the  readiness  with  which  fuel 
ignites,  decreases  with  its  compactness,  and  increases  with 
its  amount  of  hydrogen,  equal  compactness  being  supposed. 
The  compactness  of  the  fuel  exerts  less  influence  on  the 
length  of  the  flame  than  the  hydrogen  contained  in  the  fuel, 
which,  on  combining  with  carbon,  forms  combustible  gases, 
thus  producing  that  flame.  A  larger  amount  of  ash  likewise 
impairs  the  property  of  forming  flame,  and  for  this  reason 
great  care  should  be  taken  in  the  choice  and  construction  of 
the  Are  places. 

'  Bgwkfd.,  viii.,  30g;i.,  lOi,  JuLLiBiiinBnllet.deUSocieU  del'Indiistti* 
Mininde,  Tom.  iii.,  livr.  3,  p.  340. 
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The  effeA  of  the  fuel  is  sometimes  facilitated  by  combus- 
tible substances  contained  in  the  ore  under  treatment  (sul- 
phur, bitumen). 

Fire-places.* — The  combustion  of  fuel  is  produced  either 
by  the  assistance  of  blast  or  of  draught.  The  former  pene- 
trates the  fuel  more  perfectly  than  the  latter ;  it  admits  of  as 
perfed  a  combustion  as  is  possible,  and  produces  the  highest 
degrees  of  temperature.  The  draught  is  induced  by  means 
of  a  chimney,  and  its  effe<5t  depends  on  the  perfeiftion  of  the 
fire-place.  With  r^;ard  to  the  application  of  draught,  the 
following  different  kinds  of  fire-places  maycbiefly  be  distin- 
guished;— 

z.  Pire-places  without  a  Grate. — The  combustion  takes 
place  on  a  solid  horizontal  foundation.  These  fire-places 
are  applied  to  the  burning  of  easily  combustible  fuel  in  larger 
pieces  (wood,  loose  turf,  &c.)  They  allow  of  only  a  very 
imperfect  combustion  on  the  surface  of  the  pieces,  on  account 
of  air  being  admitted  on  the  side  of  the  fire-place,  and  the 
greater  part  of  the  air  escapes  without  having  produced  any 
effei5t.  The  temperature  produced  on  the  outside  of  the 
pieces  causes  a  carbonisation  of  the  interior  mass,  and  the 
products  of  this  carbonisation,  on  cooling,  escape  plentifully 
as  smoke,  the  greater  part  of  it  not  being  burnt. 

2.  Combustion  in  Horizontal  Grates. — The  fuelis  burnt 
in  larger  pieces  in  a  walled-in  space,  upon  a  support  of  iron 
bars  (grate  rods),  having  sufGcient  interstices  for  the  admis- 
sion of  air  to  the  fuel.  For  the  reason  that  the  air  penetrates 
the  compactly  lying  fuel  from  below,  the  oxygen  contained 
in  the  air  is  more  perfectly  absorbed  than  is  the  case  in  the 
former  kind  of  fire-places,  and  a  more  perfeift  combustion 
takes  place  on  the  grate.  The  hot  products  of  combustion 
thus  evolved  rise  along  with  the  air  poor  in  oxygen,  and  their 
temperature  reacts  upon  the  uppermost  layers  of  fuel,  decar- 
bonising them ;  the  unbumt  produtfls  of  combustion  will 

*  CompeniHtim  tar  Wirmeincwkiinst  und  deiea  Auwendaag  tod  Sohini. 
Stnt^arl,  1858.  GRAsaor,  UnteimchnDgeD  fiber  PeoeniiigBUiIageD,  nebtt 
BcKhRibong  einM  Oasofeai  mit  Hlbatwirkeadeii)  RegaUtor.  Mit  Ruckticht 
aal  tinea  Anbau  Ton  Schioti.  Zekschnft  d«8  Verani  DentKher  lagenieure, 
lSs7,  FcbnuT.  Leo,  die  BrenomateiialieDlchre,  i860,  p.  afij. 
VOL.  III.  U 
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then  escape  as  smoke,  which  is  particularly  dense,  when 
fresh  fiiel  is  thrown  on  the  grate.  This  formation  causes  loss 
of  fuel,  and  may  also  impair  the  chemical  reaflions  of  the 
process  in  operation.  The  loss  may  be  lessened,  however,  by 
placing  the  grate  in  an  inclined  position,  somewhat  higher  in 
the  back,  by  which  means  the  smoke  and  hot  air  will  be 
brought  into  more  intimate  contaifl  with  each  other.  When 
longer  grates  are  employed,  larger  interstices  are  left  between 
the  grate  bars  on  the  back  than  on  the  front  part,  to  facili- 
tate the  admission  of  a  sufficient  quantity  of  air  to  the  fuel 
lying  in  the  back  part  of  the  grate. 

The  draught  induced  by  a  chimney  has  the  disadvantage 
of  being  irregular  and  unsafe,  and  it  likewise  yields  from 
15  or  20  per  cent  of  the  fuel  as  cinders  (ash  containing  unbumt 
particles  of  coal),  which  are  lost  to  the  process,  as  they  fall 
through  the  grate  into  the  ash-pit,  and  can  only  be  used  for 
glowing  fires.  This  loss  increases  ia  rapid  proportion  with 
the  impurity  of  the  coal  employed. 

On  opening  the  stoking-hole  for  the  purpose  of  throwing 
fresh  fuel  on  the  grate,  cold  air  is  admitted,  thus  causing 
fludtuations  of  the  temperature,  which  may  be  hurtful  to  the 
processes  in  operation. 

In  order  perfe<5tly  to  utilise  the  fuel  on  horizontal  grates, 
many  contrivances  have  been  adopted. 

a.  Blast  Under  the  Grate. — The  ash-pit  below  the  grate 
is  closed,  and  blast  condufted  into  it.  By  this  means  Lan* 
obtained  considerable  advantages  in  the  process  of  re-heattng 
iron,  both  with  regard  to  loss  of  metal  and  to  consumption 
of  fuel ;  but  with  this  disadvantage,  also,  that  the  iron  was 
rendered  impure  by  ash  carried  along  with  the  blast,  and  the 
grate  became  more  than  usually  obstruAed  by  slag.  Blast 
under  the  grate  did  not  prove  successful  in  the  puddling  of 
iron.  This,  again,  was  the  case  at  Neustadt  in  Hanover,  ac- 
cording to  the  accounts  given  by  Langenheimt  and  Becker.t 

b.  The  escaping  combustible  and  incombustible  hot  gases 

■  B.  u.  h.  Ztg.,  i8j7,  p.  iS. 
t  Ibid.,  1839,  pp.  39S,  469. 
X  Berggdit,  Nob.  g6  and  gS,  de  iSjg. 
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are  adapted  to  other  purposes,  to  the  heating  of  blast, 
boilers,  &c. 

c.  The  smoke  is  consumed  either  at  its  fonnation  by  means 
of  a  more  regular  and  uniform  firing,  thus  causing  the  sepa- 
rated particles  of  coal  to  be  burnt  in  the  flame  before  cooling 
(by  mechanically  raising  the  fuel;* by  construAing  the  grate 
in  a  basket-like  form,  so  that  the  air  is  admitted  from  the 
sides  also ;  by  employing  blast  under  the  grate,  &c.,)  or  the 
smoke,  after  being  formed,  is  burnt,  but  still  in  the  interior  of 
the  furnace,  by  a  suitable  admissioq  of  hot  air ;  this  must  be 
effefled  before  the  flame  has  cooled  too  much.  It  has  been 
proposed  to  employ  hollow  grate  bars,  and  to  conduA  air 
through  them,  thus  warming  it.  This  air  is  thence  admitted 
above  the  grate  to  facilitate  the  combustion  of  smoke.l 
Jutlien's  views  on  the  combustion  of  smoke  have  been  cor- 
redted  by  Lan.| 

d.  The  application  of  hot  air,  which  economises  the  con- 
sumption of  fuel.  The  air  may  sometimes  be  heated  by  con- 
strufting  the  grate  bars  in  the  shape  of  a  belly  downwards, 
thus  forming  between  the  bars  a  sort  of  heating  apparatus. 
A  grate  of  this  construiStion  has  been  used  for  a  long  time  in 
cupelling  furnaces  at  the  Upper  Hart2,  and  also  in  lead  ore 
roasting  furnaces  in  Schemnitz,  where  5*6991  cubic  feet  of 
wood  per  cwt.  of  ore  were  consumed,  whilst  9*3932  cubic 
feet  were  required  when  grates  of  the  usual  construiftion 
were  employed. H 

The  air  is  heated  in  a  similar  manner  when  the  slag  or 
clinker  grates  are  employed§  (copper  furnaces  in  Wales, 
Belgian  and  Westphalian  zinc  furnaces,  &c.)  By  means  of 
several  iron  bars,  an  artificial  grate  about  o-6  metre  high  is 
formed  of  the  ash  of  the  fuel,  and  upon  this  grate  the  fuel  is 
accumulated  0'6  or  0*7  metre  high.  The  air  enters  through 
channels  and  interstices  formed  in  the  clinker  mass,  where 
it  is  heated  before  coming  into  contaft  with  the  fuel.    These 

*  Dkcllev,  in  Poljrt.  Centr.,  1854,  p.  835. 

t  OcKcTT.  Zuchr.,  1S56,  p.  lOT. 

t  Bulletin  de  la  Soci6t£  de  I'induairie  Min^rale,  torn,  iv.,  livr.  i,  p.  53, 185S. 

il  Oetterr.  ZUchr.,  i8s7>  p-  17a- 

^  B.  a.  h.  Ztg.,  1856,  p.  313. 
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artificial  grates  admit  of  th«  application  of  a  dusty  kind  of 
fuel  (anthracite,  for  instance),  and  protect  the  iron  grate 
from  the  wasting  influence  of  sulphur,  which  the  fuel  may 
contain. 

If  the  coal  employed  does  not  form  a  sufficient  quantity 
of  slag,  some  iron  hlast  furnace  slag,  pounded  into  pieces 
not  larger  than  a  pea,  is  from  time  to  time  thrown  on  the 
stratum  of  coal. 

e.  Gas  Generators. — ^The  construftion  of  gas  generators  is 
effeAed  by  placing  a  thick  layer  of  fuel  upon  the  grate  (or 
by  condudting  blast  under  the  grate).  The  fuel  which  lies 
lowest  in  contact  with  the  air  will  then  bum,  forming  car- 
bonic acid,  which  ascends  to  the  glowing  fuel  lying  above, 
and  becomes  reduced  to  carbonic  oxide ;  this  oxide  is  burnt 
by  means  of  the  introdui5lion  of  air.  This  method,  which  we 
purpose  hereafter  to  describe  more  fully,  admits  of  the  per- 
feiJl  utilisation  of  even  an  inferior  kind  of  fuel  without  the 
formation  of  smoke.  Senger  has  succeeded  in  burning 
mineral  coal,  without  any  smoke,  for  the  purpose  of  heating 
a  boiler.  This  is  done  by  employing  two  grates  side  by  side, 
and  separated  by  a  partition  wall.  The  fire  on  the  grates  is 
80  condufted  that  while  one  of  the  grates  contains  coke,  the 
other  is  filled  with  fresh  fuel.  The  greater  part  of  the  air 
passing  through  the  coke  without  being  decomposed,  will 
then  bum  the  smoke  produced  on  the  other  grate. 

3.  Combustion  in  Miiller's  Fire-placea  (Heizpulten). — 
These  fire-places  are  of  somewhat  peculiar  construdtion ;  the 
grate  is  formed  by  a  perforated  iron  plate  having  holes  five 
lines  wide.  The  plate  is  placed  in  a  slanting  position  in- 
clining slightly  towards  the  back  part,  and  blast  of  low  pres- 
sure is  conducted  under  it.  This  kind  of  grate  permits  of  the 
combustioD  of  small  fuel  rich  in  ash,  and  is  frequently  em- 
ployed in  puddling  and  re-heating  furnaces  (at  Buchscheiden 
for  turf,  at  Pravali  in  Carinthia  for  brown  coal,  for  lignite 
at  Krems  in  Styria,  Maximtlianshatte,  near  Regensburg, 
&c.) 

*  Tunnbr's  Jthib.,  iS54i  p-  H7  •  >S6o,  p.  348. 
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4.  CombustioD  on  Step  Grates* — The  constniAion  of 
this  kind  of  grate  may  be  seen  in  Figs.  242  and  255,  on  pages 
787  and  811  in  vol.  ii.  These  grates  allow  of  a  continual 
firing  and  the  application  of  small  fuel.  The  formation  of 
cinder  is.almost  entirely  done  away  with,  and  air  and  fuel 
always  enter  the  fire-place  uniformly  in  a  suitable  propor- 
tion. The  fuel  lies  in  thin  layers  upon  the  grate  perfectly 
exposed  to  the  air,  and  no  carbonisation  takes  place  by  means 
of  the  hot  produifts  of  combustion.  In  order  to  produce  a 
perfetft  combustion  of  the  smoke,  a  horizontal  grate  is  fire- 
frequently  placed  at  the  foot  of  the  step-grate,  and  air  is 
conducted  under  it.  Owing  to  their  simplicity,  step-grates 
are  easily  employed  in  all  fire-places ;  they  admit  of  an  easy 
manipulation,  and  afford  a  considerable  saving  in  fuel. 
Bituminous  coal  is  less  adapted  to  them  than  that  which  is 
non-bituminous,  as  they  are  hable  to  form  bulky  lumps  in 
the  lai^e  fire-place,  thus  creating  channels  through  which 
the  air  passes  without  being  perfectly  used.  Step-grates  are 
most  successfully  employed  in  the  use  of  both  mineral  and 
brown  coal  for  heating  boilers,  puddling,  re-heating,  and 
roasting  furnaces,  &c. 

Vogel's  ftimace.t  provided  with  a  step-grate,  through  the 
interstices  of  which  blast  from  a  fan  is  introduced,  is  used 
with  great  advantage  for  burning  very  fine  brown  coal,  and 
this  furnace  is  welt  adapted  for  all  kinds  of  finely  divided 
fuel,  supposing  that  a  very  high  temperature  is  not  required. 
Krafftl  has  constructed  a  Aimace  for  burning  saw-dust  and 
other  fuel  in  powder.  The  chain  grate  is  a  modification  of 
the  step  grate  (Kettenrost) ;  in  it  the  grate  bars  are  placed 
in  the  ordinary  way  in  the  position  of  steps,  and  the  single 
grate  bars  are  combined  by  Vaucanson's  chain,  guided  by  two 
drums.  These  movable  grates  are  said  to  afford  a  saving  of 
from  18  to  25  per  cent  of  fuel. 

*  ToifinR's  Jahrii.,  1852,  p.  346.  Bgwkfd.,  zri.,  504;  xvii.,  668.  B.  n.  b. 
Ztg.,  1854,  p.  agy,  i860,  p.  180.  Polyt.  CcDti.,  I8j6,  p.  186.  Oesterr.  Ztichr., 
185J,  No.  46;  1856,  No.  II 1 1859,  No.  49.  DtNdL.,  Polyt.  Joarn.,Gliv.,Hft.  a, 
p.  88,  1859. 

f  OeMetr.  Ztschr.,  1S59,  No.  g,  p.  65. 

I  DiHOL.,  cxlviiL,  137 ;  di.,  240. 
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Mandlay*  has  construifled  a  screw  grate  (Schraubenrost), 
and  Langen'st  grate,  termed  floor  grate  (Etagenrost),  con- 
tains the  fuel  on  a  few  broad  bars  placed  like  a  step  grate. 

5.  Reversed  Combustion  in  Grates.— Differing  from  the 
fire-places  provided  with  grates,  are  some  which  are  so  con- 
stnidted  that  the  combustion  air  is  conducted  downwards 
through  the  fuel  from  above,  and  the  products  of  combustion 
are  carried  off  from  below  the  fuel.  These  fire-places  are 
termed  in  German  "  Pultfeuerung."t  Such  a  flre.place,  in 
which  wood  is  used  is  represented  in  Figs.  48  and  49.    The 

Fig.  48,  Fig.  49. 


oblong  fire-place,  A,  is  walled  in  by  a,  b,  and  c,  and  contains 
the  projeiftions,  d,  on  the  small  side  walls,  a,  for  receiving 
the  dried  pieces  of  wood.  The  space,  B,  to  be  heated,  is 
connected  with  a  chimney  creating  the  draught ;  the  chimney 
reaifts  upon  the  fire-place,  A,  by  means  of  the  flame  hole,  e. 
When  the  lower  part  of  the  wood  is  ignited  by  means  of 
burning  coal  or  shavings,  the  flame  will  pass  through  e,  into 
the  space,  a,  and  heat  the  substances  present  therein.  The 
carbonised  particles  of  the  burnt  pieces  of  wood,  which 
require  to  be  continually  replaced,  glide  down  the  sloping 

■  Bgwbfd.,  xiii.,  414. 

t  Berggeiit,  i860.  Nob.  67,  73,  74- 

*  Leob.,  Jahrb.,  1S58,  No.  4.      Oesleir.  Zlachr.,  1859,  p.  44.     B.  u.  h.  Ztg., 
1859,  pp.  196,  389. 
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Ax)nt  wall,  and  in  burning  out,  their  produ<5ts  of  combustion 
also  enter  the  furnace,  b.  The  ashes  which  colleA  are  re- 
moved from  time  to  time  through  an  opening  with  which 
the  fire-place  is  provided  for  the  purpose.  Such  a  fire-place 
admits  of  a  more  perfeA  combustion  of  the  fuel,  and  of  the 
produAion  of  a  higher  temperature  than  an  ordinary  grate. 
Whilst,  with  the. latter,  the  hot  products  of  combustion  pass 
through  the  upper  layers  of  fuel,  together  with  the  air,  which 
is  nearly  freed  from  its  oxygen,  thus  decarbonising  the  fuel 
and  facilitating  the  fonnation  of  smoke,  the  fire-place  we 
have  just  described  always  brings  fresh  air  from  above  into 
conta<5l  with  the  fuel ;  a  more  perfect  combustion  is  thus 
induced,  and  the  products  of  combustion  are  carried  off  from 
below.  The  loss  which,  in  ordinary  fire-places  with  grates, 
is  caused  by  the  formation  of  cinder  is  also  avoided,  and 
analyses  of  ash,  as  well  as  the  absence  of  smoke,  prove  that 
the  combustion  is  perfeA,  and  that  no  cold  air  can  enter  the 
furnace  hearth. 

This  kind  of  fire-place  not  only  produces  the  greatest 
amount  of  heat,  but  also  the  highest  temperatures  if  only 
kiln-dried  wood  is  employed  and  kept  in  the  fire-place  in 
such  a  quantity  as  the  introduced  air  is  capable  of  burning. 
The  perfect  utilisation  of  the  fuel  is  effetfled  by  the  smallest 
possible  quantity  of  air,  and  a  large  proportion  of  heat, 
compared  with  the  quantity  of  gas,  is  produced  ;  these 
circumstances  produce  the  very  highest  temperature. 
These  fire>places  are  therefore  better  adapted  for  heating 
than  for  roasting  furnaces,  and  they  are  employed,*  for 
example,  in  Austrian  and  Bavarian  salt-works,  in  porcelain 
furnaces,  in  puddling  furnaces,  &c. 

The  fuel  best  adapted  for  these  fire-places  is  wood,  as  it 
supports  itself  when  placed  in  the  fire-place,  thus  affording 
always  a  free  passage  for  the  air.  The  constnidtion  of  these 
fire-places  still  leaves  some  questions  open  to  consideration. 
It  will  not,  therefore,  be  unimportant  to  what  height  the 
shaft  above  the  opening,  e,  is  construdted,  as,  by  this  circum- 
stance, the  space  of  combustion  is  more  or  less  raised;  it  is 

359.     B.  n.h.  Ztg., 
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furthermore  doubtful  whether  it  is  admissible  to  increase 
the  vertically  burning  plane  at  the  expense  of  its  horizontal 
extent,  &c. ;  but  it  is  certain  that  these  fire-places  offer  all 
the  means  required  for  determining  the  quantity  of  wood 
which  shall  be  burnt  per  hour,  supposing  the  chimney  to  be 
of  fixed  dimensions,  as  the  proje^ons,  d,  front  wall,  b,  &c., 
may  be  constructed  so  as  to  be  movable,  and  may  be  ereCted 
afresh  after  each  operation. 

Von  Schwind  has  stated  the  dimensions  of  some  of  these 
fire-places,  and  the  quantities  of  wood  daily  consumed  in 
them,  to  be  as  follows : — 

I.    11.    III. 
Breadth  of  the  fire-place  (length  of 

the  pieces  of  wood) 40    43    43    inches 

Width  of  the  fire-place     ....    12     16    10       „     ' 
Height  of/ above  the  projections,  d    11     ii     n       „ 
Height  of  the  shaft  above/  ...    z6    31     31       „ 
Burning  surface  ..;....    4-5   5-5    4-4  square  feet 
Daily  consumption  of  pine  wood 

about    4244*9425*15  cwts. 

These  fire-places  are  likewise  constructed  so  as  to  be  fit 
for  burning  turf  and  mineral  coal.* 

Von  Poscht  has  recorded  his  experience  with  these  fire- 
places, which  he  considers  valuable  as  smoke-consuming 
apparatus. 

Drying  the  Fuel. 

The  effect  of  a  fuel,  in  combustion,  depends  on  the  quanti- 
tative  composition  of  the  oiganic  substance,  and  the  con- 
struction of  the  fire-place,  as  well  as  on  its  amount  of 
hygroscopic  water,  which  becomes  volatilised  and  impairs  the 
combustibility  and  inflammability.  The  hygroscopic  water 
renders  the  combustion  imperfeCt,  and  gives  rise  to  a  smoky 
flame,  causing  a.  loss  of  fuel ;  the  apparatus  and  substances 
to  be  heated  become  coated  with  soot,  which  impairs  the 
processes  of  oxidation  (roasting  processes,  &c.). 

The  organic  substance  contained  in  wood,  for  instance, 

*  DiNQi..,  ex.,  93.    B.I1.  h.  Ztg.,  vii.,  aSt.    UuspKATT-STOBMANM'e  tecbn. 
Cbem.,  iii.,  1341. 
f  ScRBMNiTZBK  and  Lbobinbh  Jahib.,  von  Fallbr,  vliL  (1856).  p.  iia. 
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on  evolving  4000  units  of  heat,  produces  a  temperature 
of  1700°  C,  which,  however,  is  reduced  to  1380°  C.  if 
the  wood  contains  40  per  cent  of  water,  ^uld  to  iiso"  C.  if 
the  proportion  of  water  amounts  to  8t  per  cent.  Air-dried 
wood  contains  so  per  cent  of  water,  and  5  per  cent  of  carbon 
are  required  to  evaporate  that  water  and  to  heat  the  steam ; 
the  diminished  value  of  such  wood  therefore  amounts  to 
2$  per  cent.  An  amount  of  hygroscopic  water  is  less  dis- 
advantageous if  the  produi5lion  of  only  a  certain  quantity  of 
heat  is  required,  or  if  the  gaseous  produAs  of  combustion 
escape  in  the  open  air,  having  meanwhile  a  temperature 
below  that  in  which  the  watery  vapours  contained  in  the  gases 
condense  (roasting  processes).  On  the  other  hand,  water  is 
very  injurious  if  the  rapid  produtftion  of  high  degrees  of  tem- 
perature is  designed.  Whilst  in  the  former  case  it  vrill  suffice 
to  dry  the  fuel  in  the  open  air,  in  the  latter  case  the  water 
must  be  expelled  by  a  higher  temperature  (drying  in  kilns). 
Only  wood  and  turf  are  dried  in  this  manner,  and,  in  some 
cases  only,  brown  coal.  Mineral  coal  contains  but  little 
hygroscopic  water,  while,  on  the  other  hand,  brown  coal  con- 
tains a  great  deal.  Part  of  it  may  be  removed  by  storing 
the  brown  coal  for  a  long  time  under  aiiy  shelters. 
Drying  in  kilns  is  only  advantageous  where  the  brown  coal 
does  not  disintegrate  too  much  in  the  operation  (lignite, 
for  instance)  and  where  it  is  intended  for  the  production  of 
the  higher  degrees  of  temperature,  which  is  the  case  in  some 
estabhshments  in  Austria  and  Bavaria. 

I.  Drying  Fuel  in  the  Open  Air. 

Freshly  cut  wood  is  divided  into  pieces  of  a  suitable  size, 
which  are  then  piled  up  in  regular  heaps  in  a  dry  and  aiiy 
place.  This  piling  up  of  the  pieces  of  wood  is  performed  in 
various  ways.* 

The  design  of  drying  is  more  fully  accomphshed  if  the 
heaps  of  wood  are  kept  under  aiiy  shelters,  but  this  is  too 
expensive  a  method  if  carried  out  on  a  large  scale. 

Wood  that  is  hewn  down  in  the  course  of  the  winter  will 

I.,     p.    30.        SCHEEUK'S 
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contain  about  40  per  cent  of  water  at  the  end  of  the 
following  summer,  and  from  15  to  20  per  cent  even  if  kept 
for  several  years. 

Turf  usually  contains  so  laige  a  quantity  of  water  that, 
before  it  is  used,  it  must  be  kept  for  a  long  time  exposed  to 
the  air,  in  order  to  expel  part  of  the  water. 

As  turf  exists  in  Ireland  in  great  abundance,  covering, 
indeed,  about  one-seventh  part  of  the  island,  the  ordinary 
occurrence  of  this  substance  can  be  best  illustrated  by  a 
reference  to  that  country.  We  therefore  insert  the  following 
account  of  its  origin,  abstradted  from  the  "  Bog  Report"  of 
Mr.  Nimmo*  : — He  says,  referring  to  cases  where  clay 
spread  over  gravel  has  produced  a  kind  of  puddle,  preventing 
the  escape  of  waters,  of  floods,  or  springs,  and  when  muddy 
pools  have  thus  been  formed,  that  aquatic  plants  have 
gradually  crept  in  from  the  borders  of  the  pool  towards  their 
deep  centre.  Mud  accumulated  round  their  roots  and  stalks, 
and  a  spongy  semi-fluid  was  thus  formed,  well  fitted  for  the 
growth  of  moss,  which  now  principally  appears ;  Sphagnum 
began  to  luxuriate,  this  absorbing  a  large  quantity  of  water, 
and  continuing  to  shoot  out  new  plants  above,  while  the  old 
were  decaying,  rotting,  and  compressing  into  a  solid  substance 
below,  gradually  replaced  the  water  by  a  mass  of  vegetable 
matter.  In  this  manner,  the  marsh  might  be  filled  up, 
while  the  central  or  moister  portion,  continuing  to  excite  a 
more  rapid  growth  of  the  moss,  would  gradually  be  raised 
above  the  edges,  until  the  whole  surface  had  attained  an 
elevation  sufficient  to  discharge  the  surface  water  by  existing 
channels  of  drainage,  and  calculated  by  its  slope  to  facilitate 
their  passage,  when  a  limit  would,  in  some  degree,  be  set 
to  its  further  increase.  Springs  existing  under  the  bog,  or 
in  its  immediate  vicinity,  might  indeed  still  favour  its 
growth,  though  in  a  decreasing  ratio ;  and  here,  if  the  water 
proceeding  from  them  were  so  obstrudled  as  to  accumulate 
at  its  base,  and  to  keep  it  in  a  rotten  fluid  state,  the  surface 
of  the  bog  might  ultimately  be  so  raised,  and  its  continuity 
below  so  totally  destroyed,  as  to  cause  it  to  flow  over  the 

*  Ubk's  Difiionuy  of  Arts  aod  Mine*,  vol.  iii.,  380. 
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obstrudlion  and  flood  the  adjacent  country.  In  mountain 
distriAs,  the  progress  of  the  phenomenon  is  similar.  Pools, 
indeed,  cannot,  in  so  many  instances,  be  formed,  the  steep 
slopes  facilitating  drainage,  but  the  clouds  and  mists  resting 
on  the  summits  and  sides  of  the  mountains  amply  supply 
their  surface  with  moisture,  which  comes,  too,  in  the  most 
favourable  form  for  vegetation,  not  in  a  sudden  torrent,  but 
unceasingly  and  gently,  drop  by  drop.  The  extent  of  such 
bogs  is  also  afleifled  by  the  nature  of  the  rock  below  them. 
On  quartz  they  are  shallow  and  small ;  on  any  rock  yielding 
by  its  decomposition  a  clayey  coating,  they  are  considerable ; 
the  thickness  of  the  bog,  for  example,  at  Knocklaid,  in  the 
county  of  Antrim  (which  is  168  feet  high)  being  nearly 
12  feet.  The  summit  bogs  of  high  mountains  are  dis- 
tinguished from  those  of  lower  levels  by  the  total  absence 
of  large  trees. 

As  turf  includes  a  mass  of  plants  in  different  stages  of 
decomposition,  its  aspeift  and  constitution  vaiy  very  much. 
Near  the  surface  it  is  light  coloured  and  spongy,  and  the 
vegetable  matter  it  contains  is  but  little  altered ;  deeper,  it 
is  brown,  denser,  and  more  decomposed ;  and,  jinally,  at  the 
base  of  the  greater  bogs,  some  of  which  present  a  depth  of 
40  feet,  the  mass  of  turf  assumes  the  black  colour  and  nearly 
the  density  of  coal,  to  which  it  also  approximates  very  much 
in  chemical  composition.  The  amount  of  ash  contained  in 
turf  is  also  variable,  and  appears  to  increase  in  proportion 
as  we  descend.  Thus,  in  the  sedlion  of  a  bog  40  feet  deep 
at  Tanahoe,  those  portions  near  the  surface  contained 
i^  per  cent  of  ashes,  the  centre  portions  3^  per  cent,  while 
the  lowest  4  feet  of  turf  contained  19  per  cent  of  ashes.  In 
the  superficial  layers  it  may  also  be  remarked,  that  the  com- 
position is  nearly  the  same  as  that  of  wood,  the  succulent 
material  being  lost,  and  in  the  lower  we  find  the  change  still 
more  complete. 

Notwithstanding  these  extreme  variations,  we  may  yet 
establish  the  ordinary  constitution  of  turf,  with  sufBcient 
certainty  for  praftical  use. 

For  the  purpose  of  drying,  the  following  methods  are 
employed : — 
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1.  Drjring  Turf  in  Open  Heaps.— The  turf,  immediately 
after  being  cut,  is  piled  up  in  small  loose  heaps,  which  are 
exposed  to  the  open  air,  when  the  result  will  chiefly  depend 
on  the  state  of  the  weather.  The  turf  must  remain  in  the 
open  air  for  at  least  two  months,  and  when  stored  it  usually 
contains  more  than  30  per  cent  of  water.  This  mode  of 
diying  is  very  simple,  but  by  no  means  economical,  and  not 
fit  to  be  carried  out  on  a  large  scale.  Rain  causes  a  great 
loss  of  material,  chiefly  with  the  earthy  kinds  of  turf. 

a.  Drying  Turf  on  Racks. — This  method  is  used  in 
the  Upper  Hartz  and  at  Freudenberg*  in  Carinthia.  At 
the  latter  place,  the  turf,  consisting  of  two-thirds  of  the  brown 
bituminous  kind,  with  from  5  to  8  per  cent  of  ash,  and  of  one- 
third  of  light,  spongy  turf,  with  from  3  to  5  per  cent  of  ash,  is 
cut  into  small  pieces  and  formed  into  a  heap ;  water  is  then 
thrown  on  it,  and  it  is  kneaded  by  being  trodden  upon. 
The  mass  thus  prepared  is  beaten  into  trapezoidal  moulds. 
The  resulting  turf  bricks  are  4}  inches  high,  14^  inches 
long  at  the  top,  and  15^  inches  at  the  bottom,  and  3}  inches 
broad  at  the  top,  and  5  inches  broad  at  the  bottom.  The 
drying  is  effeAed  on  racks,  in  small  wooden  houses  j^  feet 
high  and  54  or  60  feet  long,  which  are  open  at  the  sides. 
A  rack  60  feet  long  holds  about  2000  bricks,  which  diy  in 
five  or  six  weeks,  and  are  turned  only  if  the  weather  be  very 
wet.  This  method  of  diying  is  also  employed  at  Buchscheiden 
in  Cannthia,  at  Kessen  in  Tyrol,  and  at  Ebenau. 

At  the  Upper  Hartz,  the  turf  is  first  dried  in  heaps,  and 
afterwards  on  racks ;  the  houses  containing  the  racks  are 
provided  with  shutters  at  the  sides,  to  form  a  protection 
against  the  rain. 

At  Staltach,  the  diymg  of  turf  is  successfully  performed  in 
solidly  built  houses. 

The  air-dried  turf,  however,  always  contains  from  20  to 
30  per  cent  of  water. 

3.  Drying  NoQ-Bituminous  Turf,  containmg  3  or  $  per 
centof  ash.— The  following  method  is  employed  at  Buch- 
scheiden : — The  turf  is  cut  into  bricks,  10  inches  square  and 
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3  inches  thick,  which  are  allowed  to  remain  on  the  ground 
for  two  or  three  days,  in  order  to  attain  sufficient  consistency. 
For  drying  them,  the  following  apparatus  is  used ; — A 
wooden  pole  3  or  4  inches  thick,  contains  eight  or  nine 
horizontal  cross  bars,  i  inch  thick,  and  a  feet  6  inches  long. 
The  cross  bars  are  pointed  at  both  ends.  On  each  half  of 
them,  projeAing  from  the  wooden  pole,  four  or  five  bricks  of 
turf  are  placed,  the  bricks  having  a  hole  for  the  purpose  in 
the  centre  of  their  square  surface,  which  surface,  therefore, 
stands  parallel  with  the  pole,  and  is  thus  less  exposed  to  the 
rain.  These  apparatus  are  placed  in  rows  5  feet  apart,  and 
180,000  of  them  are  in  use,  lasting  8. or  10  years.  Similar 
apparatus  made  of  iron  would  be  preferable.  The  drying 
occupies  from  3  to  8  weeks,  usually  from  4  to  6  weeks,  and 
may  be  repeated  five  times  in  a  year.  Bituminous  turf  con- 
trails two-thirds  of  its  volume  in  the  process  of  drying,  and 
the  light  non-bituminous  turf  one-third. 

In  favourable  weather,  a  better  and  quicker  drying  is 
effe(5ted  by  this  method  than  by  any  other ;  and  it  may  be 
employed  even  if  the  weather  be  unsettled,  as  a  few  fine 
days  make  up  for  a  number  of  wet  ones.  The  apparatus  are 
cheaper  than  drying  houses,  and  the  turf  is  placed  on  the 
apparatus  more  quickly  than  on  the  racks,  and  causes  even 
less  labour  than  the  drying  in  open  heaps. 

Disadvantages  always  attend  the  keeping  of  the  turf  over 
winter  ;*  the  frost  increases  its  volume,  and  spoils  its  struc- 
ture ;  a  thaw  in  the  spring  lixiviates  combustible  components, 
and  a  very  light  porous  produ(!l  will  remain.  The  effect  of 
frozen  turf  is  very  slight. 

II.  Drying  Fuel  in  Kilns  and  Stoves. 
Although  air-dried,  fuel,  especially  good  turf,  yields  as 
high  a  temperature  as  is  required  in  a  puddling  furnace,  an 
artificial  drying  of  the  fuel  in  kilns,  &c.,  will  be  necessary, 
if  the  produdlion  of  still  higher  temperatures  (those  required 
for  re-heating  furnaces,  for  instance)  is  intended. 

*  ZMUtKinii's  met.  Qufeaening,  pp.  ig8,  304..  OeateiT.  ZtKhr.,  1855, 
p.  168. 
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The  apparatus  for  this  diying  must  answer  the  following 
conditions: — The  temperature  required  must  be  produced 
and  kept  up  in  the  cheapest  possible  way ;  the  fuel  must  be 
warmed  gradually  for  a  sufficient  length  of  time ;  the  emitted 
vapours  must  be  well  carried  off;  the  apparatus  must  admit 
of  an  easy  charging  and  discharging,  and  it  must  be  possible 
easily  to  extinguish  an  accidental  ignition  of  the  drying  fuel. 

The  process  of  drying  in  kilns  has  for  its  objetft  to  expel 
the  hygroscopic  moisture  of  the  fuel  without  causing  any 
chemical  decomposition;  the  temperature  employed  must 
not  therefore  greatly  exceed  the  boiling  point  of  water,  nor 
be  much  below  it.  According  to  Marsilly,  turf  undergoes  a 
real  decomposition  at  a  temperature  of  loo"  C,  as  car- 
bonaceous produAs  as  well  as  water  are  evolved.  On 
drying  at  a  temperature  of  from  lOo"  to  200°  C,  a  produi5l  of 
greater  heating  power  is  obtained,  but,  on  the  other  band, 
a  loss  of  heating  power  also  takes  place,  and  this  power  does 
not  increase  in  just  proportion  to  the  loss  in  weight. 

The  artificial  diying  is  usually  carried  on  only  so  far  as  to 
leave  10  per  cent  of  water  in  the  fuel ;  it  is  continued  further 
when  the  fuel  is  intended  for  metalluigical  processes ;  care 
must  then  be  taken  to  employ  the  turf  at  once  after  it  is 
dried,  as  otherwise  it  will  again  absorb  moisture. 

The  differently  constructed  apparatus  used  for  artificial 
drying,*  may  be  classified  as  follows  : — 

1.  The  fuel  is  dried  in  a  chamber,  by  means  of  heat 
radiated  from  stoves  or  tubes  (dtying  by  radiation). 

2.  The  fuel  is  dried  by  means  of  hot  produifts  of  com- 
bustion, which  are  produced  by  a  special  firing,  or  obtained 
otherwise  {diying  by  smoke). 

3.  The  fuel  is  dried  by  means  of  air,  which  is  artificially 
heated  in  some  way  (diying  by  hot  air). 

These  systems  of  diying  are  sometimes  employed  in 
combination. 

The  drying  of  the  fuel  takes  place  more  quickly  and 
uniformly  if  the  watery  vapours  evolved  are  rapidly  carried 
off,  if  the  temperature  in  the  drying  chamber  is  uniform,  and 

■  EOLBR,  in  der  Zeitichr.  its  ver.  denUch.  Ingen.,  Bd.  3,  Hit.  3  and  6. 
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if  a  great  quantity  of  hot  gases  pass  through  the  chamber. 
For  these  reasons,  the  second  and  third  methods  of  drying 
exert  a  greater  efTeft  than  the  first,  which  produces  a 
higher  temperature  at  the  top  of  the  chamber  than  on  the 
floor,  and  the  heat  at  the  upper  part  is  so  great  that  it 
induces  a  partial  decomposition  of  the  fuel.  The  openings 
with  which  the  upper  part  of  the  drying  chamber  is  provided 
for  the  emission  of  the  watery  vapours,  must  usually  be 
closed  towards  the  end  of  the  process,  in  order  to  prevent 
the  dried  wood  from  igniting.  Le  Play  advocates  the  first 
method  of  drying ;  he  considers  it  the  most  perfedl,  since  the 
drying  takes  place  less  by  means  of  the  quickly  expelled 
air,  than  by  the  overheated  steam  that  is  produced.  He 
states  that  six  parts  of  dried  wood  are  obtained  by  burning 
one  part  of  wood. 

The  apparatus  of  the  third  class  are  the  least  dangerous 
as  regards  the  ignition  of  the  drying  fuel ;  the  second  system 
of  drying  is  usually  cheaper  and  more  effeAtve,  and  it  is 
also  perfedlly  safe  in  point  of  ignition,  if  the  hot  products  of 
combustion  are  previously  passed  through  a  chamber  for 
collet^ing  the  sparks,  as  is  done  at  Lesjofors  in  Sweden. 

A  chamber  of  this  kind  is  provided  with  an  aperture  for 
admitting  the  air;  this  aperture  lies  above  the  opening  for 
the  admission  of  the  hot  gases,  and  may  be  more  or  less 
closed  by  means  of  a  sliding  door,  thus  serving  to  moderate 
the  temperature  of  the  gases  before  they  are  emitted  into  the 
drying  chamber.  The  sparks,  also,  are  colle(5ted  in  this 
chamber.  The  chamber  is  not  required  if  the  gases  are 
previously  cooled  by  being  used  for  another  purpose  (for 
heating  boilers,  for  instance)  so  as  to  allow  of  their  immediate 
admission  into  the  drying  chamber. 

In  this  method  the  temperature  is  more  perfeftly  utilised 
than  in  the  first  and  third  methods,  since  all  the  produAs  of 
combustion  freely  pass  through  the  drying  chamber.  When 
a  large  quantity  of  fuel  is  proposed  to  be  dried  by  the  first 
and  third  methods,  a  very  high  temperature  must  be  em- 
ployed ;  there  is  then,  however,  great  danger  of  igniting  the 
fuel. 

A  most    advantageous    drying   apparatus,  employed  at 
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LesjSfora  in  Sweden,  is  described  byTunner.*  It  is  so  con- 
8tni£ted  that  the  hot  gases,  instead  of  entering  at  the  floor 
and  passing  out  through  the  roof,  as  is  the  case  in  most 
apparatus,  are  conduced  down  from  above  by  means  of  an 
exhausting  fan,  thus  causing  a.  better  and  more  uniform 
diying. 

Von  Schwindt  considers  that,  in  drying,  the  following 
conditions  are  required  for  a  perfedl  utilisation  of  the  heat  :^ 
A  division  of  the  material,  and  the  formation  of  large  sur- 
faces ;  the  production  of  a  warm  diy  current  of  air ;  a  move- 
'  ment  of  the  material  against  the  current  of  air;  an  emission 
of  the  air  used  for  drying  before  the  watery  vapour  contained 
in  it  has  been  condensed.  In  order  to  ful&I  these  con- 
ditions, the  apparatus  ought  to  consist  of  a  channel  about 
24  feet  long,  3  feet  wide,  and  from  4  to  6  feet  high,  in  which  an 
endless  chain,  carrying  the  fuel  to  be  dried,  is  moved  against  a 
current  of  hot  air.  Such  an  apparatus  occupies  much  space, 
and  is  similar  to  those  employed  in  Ireland  and  also  at 
Lesjofors. 

Examples  of  Drying  Apparatus. 

A.  Drying  chambers  heated  by  radiated  heat,  which  is 
produced  in  stoves  or  tubes  (drying  by  radiation). 

The  stoves  are  either  provided  with  a  special  flre-place 
with  an  ordinary  or  step  grate,  from  which  the  products  of 
combustion  are  conduced  into  the  drying  chamber  by  means 
of  tubes,  or  the  waste  gases  of  other  himaces  are  employed. 

I.  Apparatus  Provided  with  Special  Fire-place  for 
Drjring  Wood.T-At  Neubergt  in  Styria,  the  apparatus  con- 
sists of  a  dtying  chamber  36  feet  long,  16  feet  wide,  and 
I3i  feet  high.  This  chamber  has  an  arched  roof,  and  is 
provided  on  one  side  with  a  flre-place  having  a  plane  grate, 
and,  on  the  opposite  side,  with  a  chimney  24  feet  high,  and 
2  feet  square ;  the  fire-place  and  chimney  are  conneAed  by 

■  TumHR,  dM  ElMDb&tteinKMa  in  Schwaden :  Frtiberg,  1858,  p.  60.  Laos., 
Jaliib.,  iSeo,  p.  IDS. 
t  B.  n.  h.  Jahrb.  von  Leoben  and  Pnibnm,  Jahrg.,  i8j7,  Bd.  vii.,  p.  i. 
X  TuNKBK'B  StabeiMD-und  Sublbereitung,  Bd.  I.,  p.  aa.      Staum,  neneBU 
1.  14,  de  iSsg. 
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two  tubes,  12  inches  wide,  which  lie  inside  the  chamber 
zi  feet  ftom  the  bottom,  and  which  convey  the  hot  produAs 
of  combustion  into  the  chimney.  The  roof  contains  some 
openings  for  the  escape  of  the  watery  vapours.  The  wood  to  be 
dried  is  loosely  piled  up  in  the  chamber,  in  such  a  manner  as  to 
leave  an  open  space,  about  4  feet  high  and  5  feet  broad  round 
the  tubes.  After  three  days'  firing  the  wood  will  be  dry,  and  in 
this  time  about  loo  cubic  feet  of  green  wood,  and  25  cwts. 
of  inferior  brown  coal  will  have  been  consumed.  This 
apparatus  is  only  advantageous  where  a  very  inferior  fuel, 
rich  in  ash,  and  requiring  a  strong  draught,  is  used. 

Le  Play  describes  a  similar  apparatus,  provided  with  a 
step  grate,  in  which  cinders  are  used  as  fuel. 

a.  Apparatus  for  Drying  Wood  with  the  Application 
of  the  Waste  Gases  from  Puddling  Furnaces. — A  very 
simple  apparatus  of  this  kind  is  used  at  Carlshtltte ;  it  is 
suitably  provided  with  valves,  which  regulate  the  draught  of 
the  puddling  and  reheating  furnaces.  The  part  of  the  tube 
for  receiving  the  gases  is  conneAed  with  the  flues  of  the 
furnaces;  it  is  made  of  cast-iron  coated  with  loam,  while 
the  other  half  of  the  tube,  which  conducts  the  gases  into 
the  chimney,  is  made  of  sheet-iron. 

The  apparatus  used  in  Villotte,*  near  Chatillon,  on  the 
Seine,  is  represented  in  Pigs.  50,  51,  and  52.  The  walled- 
up  chambers,  A,  are  divided  into  fourteen  compartments  by 
the  partition  walls,  a.  The  arched  roofs  of  the  chambers  are 
kept  together  by  means  of  the  grappling  iron,  b,  and  the 
wedges,  c.  The  iron  bars,  d,  form  the  linings  at  b,  of  the 
doors,  made  of  strong  iron  plate.  Each  chamber  contains 
two  iron  bars,  e,  placed  on  their  edges,  which  serve  as  rails ; 
at  the  back,  they  are  fixed  in  the  walling,  and,  at  other 
places,  they  are  fastened  on  wooden  sleepers,  /,  by  means 
of  wedges.  Each  compartment  receives  one  carriage,  c, 
resting  upon  cast-iron  wheels,  and  weighing  47  kilos.  The 
partition  walls,  a,  prevent  the  other  carriages  from  igniting 
if  one  should  accidentally  take  fire.    The  gases  are  produced 

*  Caillktbt  In  BnUetio  de  lit  Sociitd  de  I'induitrie  Hinfnle,  i.,  473. 
DmoL.,  Bd.  143,  p.  414. 
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from  kiln-dried  wood ;  after  having  passed  the  hearth  of  the 
puddling  furnace,  that  for  the  preparatory  heating  of  the 

Fig  50. 


Fig.  51. 


pig-iron,  and  the  space  for  heating  the  blast,  they  enter  the 
tube,  g,  circulate  through  it,  and  escape  into  the  chimney,  h. 
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which  is  la  metres  high.  The  temperature  in  the  drying 
chambers  is  raised  np  to  120°  or  130°  C,  from  the  time  of 
charging  the  puddling  furnace  until  the  balls  of  puddled  iron 
are  removed. 

Fig.  52. 


&m 


The  wood  (oak  and  beech,  with  a  Httle  lime  wood)  to  be 
dried,  is  in  pieces,  o'66  metre  long,  and  contains  about 
30  per  cent  of  moisture ;  in  summer  it  is  kept  in  the  drying 
chambersfor28or3obours,  and,  in  winter,  for  48  hours.  The 
dried  wood  has  ayellowish  colour,  is  contraAed,  breaks  easily, 
and  contains  about  4  per  cent  of  water,  having  at  the  same 
time  lost  27  per  cent  of  its  weight.  Dried  wood  is  very 
pyrophoric.  If  a  carriage  in  the  chamber  catches  fire  it  is 
withdrawn,  and  the  fire  extinguished  with  water. 

Apparatus  of  this  construflion  for  drying  turf  were  em- 
ployed at  Konigsbrunn  and  Wunsiedel,*  but  they  did  not 
give  satisfa<5tory  results,  as  the  whole  mass  could  not  be 
uniformly  wanned,  and  the  necessary  removal  of  air  and  the 
escape  of  the  watery  vapour  took  place  too  slowly.  When 
the  watery  vapours  are  made  to  escape  through  openings  in 
the  roof,  they  are  retained  too  long  in  the  building,  whilst 
the  heat  rapidly  escapes. 

B.  Drying  Chambers  Heated  by  Hot  Produdls  of  Com- 
bustion which  are  condu<5led  into  the  Chambers. 

The  drying  chambers  have  either  a  special  firing,  which  is 
the  case  in  Buchscheiden,  Mariazell,  Lippit^bach,  Frant- 
schach,  Rothehdtte,  and  Ireland,  or  the  products  of  combus- 
tion of  other  firings  are  employed.  The  hot  gases  are  con- 
ducted either  in  a  horizontal  direCUon  (Ireland),  or  upwards 

59,  p.  56. 
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from  below  (Buchscheiden,  LippiUbach,  FrantBchach,  Rothe- 
hatte,  &c.,)  or  from  above  downwards  (newer  mode  at  Les- 
jofora  in  Sweden,  Mariazell,  Maximilianshatte,  near  Regens- 
bui^,  &c.) 

The  direct  application  of  the  produt^s  of  combustion  has 
two  disadvantages.  These  produi5ls  or  gases  are  usually 
obtained  from  inferior  fuel  that  is  not  perfeftly  dry ;  they, 
therefore,  contain  watery  vapour,  which  condenses  in  those 
parts  of  the  drying  chamber  that  are  raised  to  a  less  high 
temperature.  Besides,  owing  to  their  high  temperature,  the 
gases  induce  a  vehement  evaporation  of  water  on  the  surface 
of  the  pieces  of  turf  before  the  heat  has  penetrated  the  in- 
terior mass,  in  consequence  of  which  the  pieces  of  turf  become 
rent.  For  this  reason  wet  brown  coal  cannot  advantageously 
be  dried  by  this  system.  In  this  method  there  is  also  a 
danger  of  igniting  the  fuel  to  be  dried  if  the  gases  are  not 
condut^ed  through  a  chamber  for  collecting  the  sparks. 

Owing  to  the  high  temperature  of  the  gases  of  combustion, 
these  apparatus  heated  with  dircdt  firing  work  quickly  and 
yield  a  very  dry  turf ;  but,  on  the  other  hand,  they  require 
much  fuel,  as  a  great  deal  of  the  heat  escapes  without  being 
used.  The  application  of  mechanical  contrivances,  fans, 
&c.,  is  not  only  expensive  in  the  first  plant,  but  their  use 
necessitates  a  further  consumption  of  fuel.  These  contri- 
vances are,  therefore,  only  advantageous  in  places  where 
cheap  fuel  abounds,  and  where  the  production  of  a  very  diy 
turf  is  intended. 

I.  Drying  Apparatus  with  a  Special  Fire-place. 

The  turf  from  Ireland,*  when  cut  in  the  most  favourable 
weather,  appears  dry  to  the  touch,  but  in  reality  contains 
water  amounting  to  one-fourth  or  one-third  of  its  weight. 
This  turf  is  dried  in  a  horizontal  channel  about  lOO  feet  long, 
8  feet  high,  and  8  feet  broad,  by  means  of  hot  products  of 
combustion,  which  are  generated  from  waste  turf  in  afire-place 
situated  at  the  end  of  one  of  the  long  sides  of  the  channel.  The 
wet  turf  is  placed  on  light  carriages  having  a  grate-like  bottom 

*  Mittheilungen  du  Hanaov.  Gcwetbe-Vcreint,  1846,  p.  71. 
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plate,  and  which  run  on  rails.  These  carriages  are  then  moved 
into  a  channel  at  intervals  of  from  ten  to  twelve  hours,  in 
Buch  a  manner  that  the  wet  turf  enters  one  side  of  the 
channel,  and  is  gradually  moved  towards  the  other  end, 
whence  it  will  at  last  come  out  in  a  perfeiftly  dried  state.  As 
soon  as  one  carriage  with  dried  turf  is  withdrawn,  another 
laden  with  wet  turf  will  be  pushed  into  the  channel  at  the 
other  end.  Smoke  and  moist  air  escape  through  two  small 
chimneys  placed  at  the  end  of  the  channel.  The  lower 
openings  of  these  chimneys  are  on  a  level  with  the  bottom 
of  the  channel,  so  that  the  coldest,  densest,  and  moistest  air 
may  he  sucked  away  from  the  channel  first.  To  prevent  the 
dry  turf  from  being  ignited  by  sparks  which  are  carried  along, 
the  hot  produt^s  of  combustion  are  made  to  pass  through  a 
web  of  iron  wire  fixed  into  iron  frames  before  they  enter  the 
channel. 

An  apparatus  of  the  before-stated  dimensions,  twenty  car- 
riages included,  costs  about  jfzis,  and  dries  10,000  cubic 
feet  of  turf  in  six  or  seven  days.  About  700  cubic  feet  of 
small  turf  and  other  rubbish  and  waste  are  consumed  for 
producing  the  heat. 

At  Buchscheiden,  near  Klagenfurt,  the  air-dried  turf  (page 
300),  as  well  as  wood,  is  dried  in  the  eight  chambers  of  an 
appsu'atus  represented  in  Figs.  53,  54,  55,  and  56.  A  is  the 
space  for  the  reception  of  the  turf;  b,  the  openings  for 
charging ;  ^  is  a  wooden  grate  ;  c  is  the  space  below  the 
grate ;  D  is  the  fire-channel,  having  the  grate,  B,  at  one  end, 
and  the  openings,  o,  at  the  other.  The  fire-channel  leads 
into  the  space,  f;  p  are  openings  in  the  back  wall  of  the 
thamber,  a  ;  r  are  openings  for  the  escape  of  the  moist  gases ; 
H  are  openings  for  discharging  the  apparatus ;  they  are  closed 
with  wooden  doors ;  T  are  openings  leading  to  the  spaces  P 
and  c. 

The  operation  of  drying  is  carried  on  in  the  following 
manner : — In  the  space.  A,  pyramids  about  6  feet  high  are 
formed  of  pieces  of  wood,  and  inside  and  around  them  turf 

*  ZsaKiNHeK's  Caefeaenuig,  p.  175.  B.  n.  h.  2tg.,  1857,  pp.  lao,  130.  Tuk- 
NiR'a  Lbob.  Jahtb.,  1S57,  p.  141. 
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13  thrown.    The  interstices  thus  formed,  by  allowing  a  free 
passage  to  the  hot  gases,  facilitate  the  drying,  and  more  than 


Fig.  53. 


recompense  for  the  time  and  labour  expended  on  the  forma- 
tion of  the  pyramids.     After  having  charged  the  turf,  the 


Fig.  54. 
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small  particles  falling  through  the  grate  are  carefully  re- 
moved, the  walls  of  space  p  are  cleaned  from  soot,  the  open- 
ings,  K,  for  discharging,  and  those,  T,  for  cleaning  are  firmly 

Fig.  55. 


T,.f, 


closed,  a  fire  is  kindled  on  the  grate,  B,  and  as  soon  as 
draught  is  induced,  the  openings,  B,  for  charging,  are  also 
closed  with  cast-iron  plates. 


The  hot  gases  produced  on  the  grate,  B,  pass  in  admixture 
with  atmospheric  air  through  the  channel,  D,  partly  into  the 
space,  c,  and  partly  into  P,  hence  into  the  chamber,  A, 
through  the  interstices  of  the  grate  and  the  openings,  p, 
where  they  permeate  the  turf,  absorbing  moisture,  and  escape 
through  the  openings,  r.    The  temperature  in  the  chambers 
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amounts  to  from  75*  to  87°  C.  The  fire  is  kept  up  with  turf, 
waste  of  wood,  and  inferior  brown  coal,  and  when  bricks  of 
turf  are  employed,  the  consumption  amounts  to  8  per  cent 
of  the  drying  turf.  The  diying  occupies  from  three  to  five 
days,  the  cooling  from  one  and  a  half  to  three  days,  when 
the  flues  must  be  hermetically  closed  until  the  fire  is  extin- 
guished. The  dried  turf  is  immediately  given  to  the  puddling 
and  re-heating  furnaces.  The  wood  employed  for  erecting 
the  pyramids  is  used  again  in  the  following  operation.  If 
the  spaces  p  and  c  are  not  perfectly  freed  from  small  turf, 
the  turf  will  be  liable  to  catch  fire.  With  regard  to  time 
and  the  degree  of  dryness,  these  apparatus  give  very  satis- 
faflocy  results ;  but,  on  the  other  hand,  they  consume  a 
great  quantity  of  fuel,  and  do  not  admit  of  a  lat;ge  production. 

A  similar  apparatus  provided  with  a  step-grate  is  in  opera- 
tion at  Rothehatte  in  the  Upper  Hartz. 

In  the  apparatus  used  at  Frantschach,*  the  hot  gases 
generated  on  the  grate  pass  first  into  a  long  channel  ereCled 
on  the  sole  of  the  chamber,  and  then  through  the  open  end 
of  that  channel  into  the  chamber.  The  cooled  gases,  together 
with  the  watery  vapours,  escape  through  openings  in  the  side 
walls.  The  fire  is  kept  up  for  five  days,  and  10  per  cent  of 
green  wood  of  the  most  inferior  quality  is  consumed.  The 
construction  of  this  furnace  is  less  judicious  than  that  of  the 
preceding  apparatus. 

The  chambers  used  at  Lippitzbacht  in  Carinthia  are 
6'55  metres  long,  5*52  metres  broad,  and  4*37  metres  high, 
measured  at  the  vertex  of  the  arched  roof.  The  space  above 
the  grate  is  capable  of  containing  130  cubic  metres  of  wood. 
3elow  the  grate  two  walled  channels  0*47  metre  broad, 
o'68  metre  high,  and  as  long  as  the  chambers,  are  ereCted,  . 
on  the  sole  of  which,  to  a  length  of  about  2  metres,  wood 
chips  and  other  waste  wood  are  kept  burning.  The  hot  gases 
thus  generated  pass  through  holes  with  which  the  roofs  of 
the  channels  are  provided,  then  through  the  grate,  and  per- 
meate the  wood  in  the  chamber  with  a  temperature  of  about 
180°  C.    The  gases  become  cooled  down  to  from  30°  to  90°  C, 

a  [with  drawing). 
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and  escape  from  the  apparatus  through  six  openings  of  a  total 
seiftion  of  14  square  decimetres.  The  openings  are  placed 
on  a  level  with  the  hearth. 

In  summer  the  fire  is  kept  up  for  at  least  2^  days,  and  in 
winter  time  for  six  days,  that  is,  until  no  more  watery  vapours 
are  perceptible  in  the  escaping  gases.  On  an  average,  0*33 
cubic  foot  of  wood  are  consumed  per  cubic  foot  of  dried  wood. 

3.  Drying  Apparatus  Heated  by  the  Waste  Gases  of 

other  Furnaces. 

The  hot  gases  pass  through  the  fuel  to  be  dried,  either 
upwards  from  below  or  the  contrary  way  ;  but  they  must  pre- 
viously have  passed  through  a  chamber  for  collefting  the 
sparks  in  case  the  gases  have  not  been  already  cooled  by 
being  used  for  other  purposes. 

According  to  the  older  method  used  at  Lesjofors*  in 
Sweden,  the  waste  gases  resulting  from  three  Lancashire 
finery  hearths  are  used  for  a  preparatory  heating  of  the  pig- 
iron  and  for  heating  the  blast.  They  then  enter  into  a 
common  channel,  and  hence  into  two  channels  lying  side  by 
side,  for  the  purpose  of  heating  two  boilers.  The  gases 
afterwards  re-unite  into  a  common  channel,  which  conducts 
them  into  the  drying  chamber.  This  chamber  consists  of 
a  channel  66  feet  long,  6;^  feet  broad,  and  8^  feet  high,  having 
a  railway  on  its  sole.  The  first  iz  feet  of  the  channel  are  in 
horizontal  position,  the  remaining  length  has  an  ascent  of 
16  feet.  The  carriages  are  simply  iron  frames  resting  upon 
four  wheels,  upon  which  the  pieces  of  wood  intended  for 
drying  are  piled ;  the  railway  inside  the  channel  has  room  for 
seven  carriages  of  this  kind.  The  carriages  are  joined  to  an 
endless  chain,  and  may  be  moved  at  will  by  means  of  a  wind- 
lass. In  proportion  as  carriages  with  dried  wood  are  with- 
drawn from  the  chamber,  others  carrying  fresh  wood  are 
again  introduced.  The  gases  escape  through  an  opening  at 
the  bottom  of  the  chamber,  when  they  still  have  a  tempera- 
ture of  from  6d°  to  100°  C.  Each  carriage  is  kept  in  the 
chamber  for  about  30  hours. 
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The  following  is  the  newer  method  employed  at  Lesjofors  :•- 
— The  drying  chamber  is  built  of  bricks  made  of  blast  fur- 
nace cinder,  and  well  fastened  with  grappling  irons  ;  its  sole 
or  bottom  is  made  of  lattice,  and  construfled  in  the  shape  of 
angular  roofs,  that  is,  like  four  roofs  lying  side  by  side. 
This  bottom  is  provided  with  a  number  of  valves,  which  are 
opened  for  the  purpose  of  withdravi^g  the  dried  turf  into 
cars  which  are  placed  below;  the  chamber  is  filled  with 
2200  or  2500  cubic  feet  of  turf.  The  waste  gases  of  a  Lan- 
cashire finery  hearth  are  then  conduced  into  the  chamber 
through  an  opening  below  the  roof  by  means  of  a  channel, 
which  may  be  closed  with  a  sliding  valve.  Before  entering 
the  drying  chamber,  the  gases  are  made  to  pass  through 
another  for  collecting  the  sparks.  The  channel  conducting  the 
gases  into  the  chamber  is  closed  at  the  top  with  an  iron  plate 
and  sand,  and  provided  with  a  thermometer,  which  usually 
indicates  a  temperature  of  from  100°  to  140°  C.  The  channel 
for  withdrawing  the  gases  is  at  the  bottom  of  the  chamber, 
and  is  covered  with  iron  lattice  as  far  as  it  is  inside  the 
chamber ;  outside  of  the  furnace  it  is  about  60  feet  long  and 
arched  over  with  brick-work.  At  the  end  of  it  an  exhauster  is 
placed,  which  is  60  inches  in  diameter,  16  inches  in  breadth, 
and  makes  300  revolutions  per  minute,  and  by  means  of  this 
exhauster  the  hot  gases  impregnated  with  moisture  are  with- 
drawn. The  operation  of  drying  takes  four,  or  at  the  most 
five,  days,  and  that  of  cooling  about  half  a  day. 

Based  upon  the  same  principle,  though  of  somewhat  dif- 
ferent constniftion,  are  the  apparatus  at  Lesjofors,  connected 
with  re-heating  furnaces ;  they  are  represented  in  Figs.  57  and 
58.  The  eight  chambers,  a,  are  provided  with  the  lattice 
grate,  6,  and  with  the  openings,  c,  through  which  the  turf  is 
charged  and  withdrawn.  The  waste  gases  of  the  re-heating 
furnaces  (after  having  passed  through  a  chamber  for  col- 
lecting the  sparks,  if  such  is  required),  pass  through  the 
channel,  d,  into  the  vertical  channel,  e,  and  hence  into  the 
horizontal  channel,  /.  This  channel  is  connected  with  each 
chamber  by  means  of  the  flue  openings,  g,  through  which 

■  TuHNEH,  EiBGnhiittenwesen  in  Schweden,  pp.  34,  6r. 
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the  gases  are  forced  by  means  of  an  exhauster,  which  is 
placed  at  the  end  of  the  channel,  h ;  the  exhauster  makes 
400  revolutions  per  minute.  The  channel,  h,  is  provided 
with  the  two  valves, »',  which  may  be  regulated  by  means  of 
two  connecting  rods. 

Fio.  57. 


This  Swedish  method  of  drying  is  a  most  judicious  one ; 

the  turf  is  brought  into  contadt  with  a  large  quantity  of 

warm,  dry  gases,  and  the  moisture  is  carried  off  from  below. 

Fig.  58. 


f....?     ^     V     v     V     ^  „„. 

At  Maximilianshiitte,*near  Regensburg,  brown  coal  is  dried 
by  produdls  of  combustion  generated  in  a  special  fire-place. 

These  hot  gases,  in  mixture  with  air,  are  carried  down- 
wards through  the  brown  coal  by  means  of  a  fan. 

C.  Drying  Apparatus  Heated  with  Hot  Air. 
These  apparatus  are  advantageous  only  where  there  is  a 
possibility  of  heating  the  air  by  means  of  waste  gases  of 

*  Lbobbneb,  Ac,  B.  u.  h.  Jahtb.,  1S5S,  Bd.  viii.,  p.  iii. 


,;  Google 


3l6  PtIEL. 

other  fire-places,  and  where  the  motive  power  for  a  fan  is  at 
disposal,  or  where  the  blast  engine  employed  has  blast 
to  spare  for  the  diying  apparatus. 

The  apparatus  used  at  Freudenberg,*  in  Carinthia,  has  a 
chamber  capable  of  containing  from  3500  to  4000  cubic  feet 
of  turf;  the  arched  roof  of  the  chamber  is  provided  with  the 
openings  forchai^mg,  and  arailway  runs  above  these  openings. 
The  bottom  of  the  chamber  is  constnidted  of  wooden  lattice, 
having  interstices  i  inch  wide.  The  space  below  the  lattice 
bottom  contains  two  arched  channels,  the  side  walls  of 
which  are  provided  with  ten  openings,  6  inches  wide  and 
12  inches  high ;  these  channels  receive  from  350  to  400  cubic 
feet  of  air  per  minute,  which  is  heated  up  to  130°  to  150°  C. 
The  space  below  the  lattice  bottom  contains  also  the  opening 
for  the  escape  of  the  moist  and  cool  gases. 

The  blast  is  heated  with  the  waste  gases  of  puddling 
furnaces,  and  introduced  into  the  warming  apparatus  at  a 
low  pressure.  .  The  turf  will  be  dry  in  about  three  or 
five  days,  when  the  blast  is  shut  off  by  means  of  a  valve, 
and  the  apparatus  is  allowed  to  cool  gradually  for  three  or 
four  days. 

When  too  hot  a  blast  is  employed,  or  when  care  is  not  taken 
to  remove  all  the  waste  fuel  from  below  the  lattice  bottom, 
the  turf  is  liable  to  ignite.  If  this  is  the  case,  the  fire  cannot 
be  extinguished  by  shutting  off  the  air,  as,  in  spite  of  this 
precaution,  turf  will  continue  to  smoulder  for  weeks.  It  can 
only  be  extinguished  by  introducing  water.  On  the  other 
hand,  if  a  chamber  filled  with  wood  takes  fire,  it  may  be 
extinguished  in  a  few  days  by  hermeticjtlly  closing  all  the 
openings  of  the  chamber.  • 

If  hot  blast  is  not  at  disposal,  openings  are  sometimes 
made  in  the  front  wall  of  the  channels,  below  the  lattice 
bottom,  the  blast  pipes  are  removed,  and  a  faint  fire  is  kept 
up  before  the  openings. 

Drying  with  hot  air  is  said  to  be  more  advantageous  for 
turf  than  for  wood ;    but,  on  the  other  hand,  much  time  has 

*  TuNNER,  StabeiMii-itndStahlbereituiig,  L,  36.  B.  n.  h.Ztg.,  1S57,  p.  107. 
Zbkkbknbr's  Oufcuenmg,  p.  igo. 
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to  be  expended  on  the  charging  and  dischai^ng  of  the 
chambers. 

An  apparatus  for  drying  wood,  used  at  Zorge  in  the 
Hartx,  has  three  compartments,  each  40  feet  long,  5  feet 
5  inches  high,  and  7  feet  4  inches  broad.  Each  of  these 
compartments  or  chambers  is  subdivided  into  two  parts  by 
means  of  a  movable  sliding  door,  which  is  balanced  by  a 
counterpoise.  After  having  placed  three  carriages  laden 
with  wood  in  each  of  the  divided  compartments,  that  is, 
eighteen  carriages  in  all,  holding  about  aooo  cubic  feet  of 
wood,  the  iron  folding  doors  before  the  charging  openings 
are  closed,  and  the  joints  filled  up  with  loam. 

The  hot  air  is  introduced  into  the  first  compartment 
through  an  oval  pipe,  measuring  16  inches  one  way  and 
g  inches  the  other,  provided  with  holes  ^  or  ^  of  an  inch  in 
diameter  ;  the  wood  on  the  three  carriages  of  this  compart- 
ment is  thus  dried,  and  the  hot  air  passes  through  two 
openings,  8  inches  square,  with  which  the  lower  part  of  the 
sliding  door  is  provided,  into  the  second  compartment.  The 
air  pipe  is  placed  below  the  sole  of  the  drying  chamber  into 
a  channel  open  at  the  top,  the  side  walls  of  which  carry 
rails  for  the  carriages ;  X200  cubic  feet  of  blast  are  intro- 
duced per  minute.  The  blast,  on  entering  at  the  bottom  of 
the  first  compartment,  has  a  temperature  of  152°  to  182°  C, 
which,  however,  is  already  decreased  to  63°  C.  when  the 
blast  arrives  at  the  roof  of  the  first  compartment,  and  to 
37°  C.  when  it  passes  into  the  second.  The  moist  gases  in 
the  three  last  compartments  escape  through  openings  6  inches 
in  diameter,  which  are  made  for  the  purpose  in  the  roofs. 
The  wood  has  been  previously  dried  in  the  open  air,  and  is 
in  pieces  3  feet  long,  and  about  14  square  inches  in  se(5Uon ; 
it  is  said  to  lose  16  per  cent  of  water  in  7  dajrs,  and  8  per 
cent  more  when  kept  10  days  longer  in  the  apparatus. 

At  Kessen*  in  Tyrol,  and  at  Brezowat  in  Hungary,  turf 
and  wood  are  also  dried  by  means  of  hot  blast. 


*  ZiKKEMNER,  GtwIenernQg,  p.  19S. 
t  Ibid.,  p.  330. 
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D.  Drying  Apparatus,  Applying  Radiated  Heat  and  Hot 
Air  in  Combination. 

Weber's  Method.— The  apparatus  eredled  by  Weber  at 
Haspelmoor,*  in  Bavaria,  contained  a  dtying  chamber 
13  feet  high,  and  of  a  capacity  of  70,000  cubic  feet.  On  the 
floor  of  the  chamber,  or  partly  below  it,  four  channels  run 
through  the  whole  lengUi  of  the  building;  they- are  con- 
6tru(5led  partly  of  stone  and  partly  of  iron,  and  each  is  pro- 
vided with  a  fire-place,  and  is  also  surrounded  by  a  second 
channel,  which  receives  the  air  through  two  openings  at  the 
side  of  the  fire-place,  and  again  emits  the  hot  air  into  the 
drying  chambers  through  six  openings,  which  may  be  closed 
at  will.  The  four  double  channels,  therefore,  contain  twenty- 
four  openings  for  the  emission  of  hot  atr,  and  they  are  so 
constru£ted  that  the  interior  space  may  be  uniformly  warmed 
and  filled  with  diy  air.  Three  lines  of  rails  are  laid  down 
in  the  chamber,  making  room  for  thirty  carriages  of  such 
constru<^ion,  that  the  half-dried  turf  may  be  piled  up  upon 
them  10  feet  high,  without  being  compressed  too  much  by 
its  own  weight.  Between  the  railway  lines  above  the  fire 
channels  wooden  scaffolds  are  eredted,  allowing  the  turf  to 
be  heaped  up  in  a  similar  manner  as  on  the  carriages,  all 
the  way  up  to  the  roof.  Openings  for  emitting  the  cold  and 
moist  gases  are  provided  on  the  lower  part  of  the  four  side 
walls ;  their  draught  is  assisted  by  small  chimneys  made  of 
zinc,  which  projett  some  feet  above  the  roof  of  the  building. 
The  chamber  contains  about  zoo.ooo  pieces  of  turf. 

This  method  of  drying  is  a  perfeiflly  judicious  one,  pos- 
sessing  none  of  the  disadvantages  which  attend  that  by 
which  the  hot  produdts  of  combustion  are  applied  direifl,  and 
it  yields  a  perfedlly  dry  material  without  disintegrating  it. 
This  method  has,  however,  been  abandoned  again,  as  it  was 
expelled  that  still  better  results  would  be  obtained  by 
pressing  dried  turi  dust  after  Bxter's  system, 

Euler's  drying  apparatus,!  which  is  in  use  at  Trippstadt 

*  Voosi.,  der  TorT.  Munchen,  1859,  p.  64. 

t  ZeitKhr.,  del  Ver.  deuUch.  Ingenienre,  Bd.  Jii.,  Heft.  5  and  6.  Berg^eiit, 
No.  77,  de  iSsg. 
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in  Bavaria,  consists  ofachannel  53*18  metres  long,  3  metres 
broad,  and  2*5  metres  high,  and  of  a  capacity  of  397J  cubic 
metres.  At  the  bottom  of  the  chamber  two  railways  are 
construfted,  below  which  two  smoke  channels,  each  0*396 
square  metre  in  seAion,  are  conduced  nearly  the  whole 
length  of  the  chamber,  when  they  unite,  leading  into  an 
iron  chimney  12*16  metres  high.  By  the  introdu^ion  of 
steam,  draught  may  be  induced  in  the  channels,  in  which 
the  waste  gases  of  a  double  puddling  furnace  and  a  re-heating 
furnace  are  collei5ted  after  they  have  heated  a  boiler  in  which 
the  steam  necessary  for  the  working  of  a  fan  is  produced. 

Beiow  these  smoke  or  gas  channels,  other  channels  are 
situated,  into  which  atmospheric  air  is  admitted ;  the  air  is 
thus  warmed,  and  enters  the  interior  of  the  chamber 
through  openings  in  a  partition  wall,  which  runs  the  whole 
length  of  the  chamber,  and  serves  as  a  support  for  the 
middle  rails.  Hot  blast  (1000  cubic  feet  of  100°  C.  per  minute) 
may  also  be  condudted  through  the  special  pipe  into  the 
chamber.  The  rails  in  the  chamber  cany  fifty  carriages, 
with  a  total  burden  of  about  7200  cubic  feet  of  fuel.  The 
ends  of  the  chamber  are  closed  partly  with  wooden  doors, 
and  partly  with  iron  sliding  doors.  The  rails,  at  both  ends, 
have  an  inclination  of  2^  in  a  hundred,  and  in  the  middle, 
at  a  length  of  32  feet,  an  inclination  of  3^  in  a  hundred. 

THE  ASSAY  OF  FUEL. 

The  great  influence  which  fuel  exerts  in  all  metalluigical 
operations  will  justify  our  adding  the  following  additional 
remarks  to  chapter  v.  of  the  third  edition  of  Mitchell's 
■"  Assaying  :"* — 

In  the  assay  of  fuel,  the  chief  object  is  to  determine  the 
hygroscopic  water,  the  behaviour  on  combustion,  the  amount 
of  carbon  to  be  obtained  in  the  carbonisation  process,  the 

'  Third  EditioQ,  edited  by  WiLLUU  Crookbs,  F.R.S.,  Ac. !  London, 
LoDgmani,  t86S.  Babd,  UDtenuchnngco  venchiedencT  BrenamaUrialien  in 
Liebig's  Jahrgb.,  1847-8,  p.  iiia;  1850,  p.  688;  1851,  p.  733.  Tuhnbr'S 
SUbeitea-  and  Suhlbereitong :  FTciberg,  iSsS.Bd.  i.,  p.38.  Stbin,  Ghent, 
nnd  Chem.  Tecbn.  Untennch.  der  Steinkohlea  Sxchseni :  Leipzig,  1857. 
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ssh  contained  in  the  fuel,  and  the  heating  power  of  the  fuel. 
Frequently,  also,  the  external  appearance  of  the  fuel  (its 
porosity  or  compataness,  its  fradlure,  the  size  and  shape  of 
the  pieces,  their  friability,  intermixed  layers  of  earthy  sub- 
stances, &c.),  enables  the  applicability  of  a  fuel  to  one  or  the 
other  purpose  to  be  determined.  The  friability  or  cohesion 
of  different  kinds  of  fuel  has  been  determined  by  Playfair, 
De  la  Beche,  and  Schrotter.  ' 

Injurious  substances  of  the  fuel,  such  as  sulphur,  sul- 
phuric acid  and  phosphoric  acid,  as  well  as  the  components 
of  the  ash,  can  only  be  determined  by  chemical  analysis. 

Frequently  the  blowpipe  may  be  advantageously  employed 
in  the  assay  of  fuel. 

For  the  purpose  of  observing  the  behaviour  of  fuel  on 
combustion,  it  is  heated  in  a  mufBe  vnth  the  admission 
of  atmospheric  air ;  in  this  operation  care  must  be  taken  to 
observe  whether  the  fuel  ignites  easily  or  with  difficulty, 
whether  it  cakes  or  disintegrates,  whether  it  bums  with  a 
long  or  short  Same,  whether  the  Hame  be  intense,  smoky, 
more  or  less  bright,  steady  or  vacillating,  or  whether  the  fuel 
only  glows  ;  whether  a  smell  is  generated,  whether  the  re- 
sulting coke  continues  to  bum  for  a  long  time  or  easily  goes 
out,  whether  the  remaining  ash  is  easily  fusible  or  not,  &c. 

Determination  of  the  Heating  Power. 

The  value  of  a  fuel  for  any  purpose  depends  chiefly  on 
the  price  and  the  quantity  required  for  that  purpose.  The 
quantity  needed  depends  on  the  heating  power  possessed  by 
a  certain  weight  of  fuel  (its  absolute  heating  power)  or  that 
possessed  by  a  certain  volume  (its  specific  heating  power). 

I.  Absolute  Heating  Power. — Several  methods  are  ap- 
plied for  the  determination  of  this  power. 

a.  Rumford's  Method,*  which  is  also  employed  by  Peelet 
and  others,  determines  that  quantity  in  weight  of  water  at 
o"  C,  which  one  part  in  weight  of  different  kinds  of  fuel,  in 
perfedt  combustion,  will  heat  up  to  zoo°  C.  The  following 
results  are  obtained: — 

Erdm.,   Jonrn.    f.  Ak. 
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I  part  of  Hydrc^n  raises  236  parts  Water  from  o"  to  loo*  C. 
Carbon         ,»      78         „  „  „ 

Charcoal      „       75         „  „  „ 

/Good  Mineral  1     *„ 
i     Coal  I     ^         " 

Dry  Wood         36         „  „  „ 

Tuif  25—30      II  »  i» 

In  order  to  ascertain  how  many  parts  by  weight  of  water 
may  be  raised  1°  C,  by  a  certain  quantity  of  different 
lands  of  fuel,  the  numbers  stated  above  require  to  be  simply 
multiplied  by  100 ;  it  then  follows  that — 
I  part  of  Hydrogen  will  heat  23600  parts  of  Water  1°  C. 
Carbon  „  7800  „ 

Charcoal  „  7500  „ 

Dry  Wood      „  3600  „ 

Turf  „     2500—3000     „ 

These  ratios  or  units  represent,  therefore,  the  relative 
quantities  of  heat  which  are  required  to  raise  the  tempera* 
ture  of  one  part  by  weight  of  water,  usually  i  lb.,  1°  C. 

The  French  units  are  twice  as  large  as  the  German,  as 
they  represent  the  quantity  of  heat  required  for  raising 
I  kilo,  of  water  1'. 

These  figures  are  sometimes  simplified  by  accepting  the 
carbon  as  unit,  and  dividing  them  by  7800,  when  the 
following  figures  will  result  i—^ 

Hydrogen 3-03 

Carbon  ..........    I'oo 

Charcoal 0*96 

Good  Mineral  Coal 0*77 

Dry  Wood 0'40 

Turf 0-33— 0*38 

The  absolute  heating  power  of  hydrogen  is,  therefore,  about 
three  times  as  large  as  that  of  carbon,  and,  consequently,  the 
more  hydrogen  a  fuel  contains  the  more  heat  it  will  yield. 

These  caloric  units  have  since  been  differently  stated  by 
various  investigators.  Those  for  carbon  and  hydrogen, 
which  are  the  only  heat-producing  components  of  fuel,  are 
probably  the  following,  supposing  the  carbon  to  be  burnt  to 
carbonic  acid,  and  the  hydrogen  to  water : — 
VOL.  ni.  Y 
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Detpretz.       Gratii. 
For  Carbon     .       7815  7714         . —         '8086 

For  Hydrogen     23640        34666      34800      34188 

If  we  consider  the  figures  of  Favre  and  Silbermann  to  be 
correal,  the  units  of  carbon  and  hydrogen  will  stand  in  the 
proportion  of  r  to  4-2. 

Later  investigations  concerning  the  absolute  heating 
power  of  carbonic  oxide  gas,  have  given  various  results. 
Dalton  ascertained  it  to  be  1857;  Dulong,  2466;  Favre 
and  Silbermann,  2403  ;  Grassi,  1876.  The  absolute  heating 
power  is,  therefore,  either  3403 — 2466  or  1857 — 1876. 

These  figures  concerning  C1H4  are,  according  to  Dalton, 
Dulong,  Favre  and  Silbermann,  and  Grassi,  6375,  13223, 
13158,  and  10145  respectively ;  and  those  concerning  C+H^, 
6600,  12172,  11900  and  8557  respeftively.  On  burning 
carbon  to  carbonic  oxide  gas,  Favre  and  Silbermann  ob- 
tained the  number  2480. 
.  The  calorimeter,*  represented  in  Fig.  59,  is  founded  on 

Fio.  59. 


the  same  principle  as  that  of  Count  Rumford,  but  with 
pertain  improvements. 

.    It  consists  of  a  large  copper  bath,  e,  /,  capable  of  holding 
100  gallons  of  water.     It  is  traversed  four  times,  backwards 


*  Urb's  Didiooarf  of  Atu  and  Mioei,  vol.  ii.,  p.  407. 
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and  forwards,  in  four  different  levels,  by  a  zigzag  horizontal 
flue  or  fiat  pipe,  d,  e,  9  inches  broad  and  i  deep,  ending 
below  in  a  round  pipe  at  c,  which  passes  through  the  bottom 
of  the  copper  bath,  e,f,  and  there  receives  the  top  of  a  small 
black  lead  furnace,  b.  The  inner  crucible  contains  the  fuel. 
It  is  surrounded,  at  the  distance  of  i  inch,  by  a  Second 
crucible,  which  is  enclosed  at  the  same  time  by  the  sides  of 
the  outer  furnace ;  the  stratum  of  enclosed  air  between  the 
crucibles  serving  to  prevent  the  heat  from  being  dissipated 
into  the  atmosphere  round  the  body  of  the  furnace.  A 
pipe,  a,  from  a  pair  of  double  cylinder  bellows,  enters  the 
ash  pit  of  the  ^mace  at  one  side,  and  supplies  a  steady,  but 
gentle  blast,  to  cany  on  the  combustion,  kindled  at  first  by 
^  an  ounce  of  red'hot  charcoal.  So  complete  is  the  heat 
which  is  disengaged  by  the  burning  fuel,  absorbed  by  the 
water  in  the  bath,  that  the  air  discharged  at  the  top  orifice,  g, 
has  usually  the  same  temperature  as  the  atmo^bere. 

The  vessel  is  made  of  copper,  weighing  2  lbs.  per  square 
foot ;  it  is  5^  feet  long,  i^  wide,  2  deep,  with  a  bottom 
5J  feet  long,  and  l|  broad,  upon  an  average.  Including  the 
zigzag  tin  plate  flue,  and  a  rim  of  wrought-iron,  it  weighs 
altogether  85  lbs.  Since  the  specific  heat  of  copper  is  to 
that  of  water  as  94  to  zooo,  the  specific  heat  of  the  vessel  is 
equal  to  that  of  8  lbs.  of  water,  for  which,  therefore,  the 
proper  correiftion  is  made  by  leaving  8  lbs.  of  water  out  of 
the  600  or  1000  lbs.  used  in  each  experiment. 

In  the  experiments  made  with  former  calorimeters  of  this 
kind,  the  combustion  was  maintained  by  the  current  or 
draught  of  a  chimney,  open  at  the  bottom,  which  carried  off, 
at  the  top  orifice  of  the  flue,  a  variable  quantity  of  heat,  very 
difficult  to  estimate. 

,  When  the  object  is  to  determine  the  latent  heat  of  steam 
or  other  vapours,  they  may  be  introduced  through  a  tube 
into  the  top  orifice,  g,  the  latent  heat  being  deduced  from 
the  elevation  of  temperature  in  the  water  of  the  bath,  and 
the  volume  of  vapour  expended  from  the  quantity  of  liquid 
discharged  into  a  measure  glass  from  the  bottom  outlet,  c. 
In  this  case,  the  furnace  is,  of  course,  removed. 
..  The  heating  power  of  the  fuel  is  measured  by  the  number 
Y  2 
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of  degrees  of  temperature  which  600  or  looo  lbs.  of  water  in 
the  bath  are  raised  by  the  combustion  of  i  lb.  of  it,  the 
copper  substance  of  the  vessel  being  taken  into  account. 

It  must  be  borne  in  mind  that  a  coal  which  gives  off 
much  unbumt  carburetted  hydrogen  gas  does  not  afford  so 
much  heat,  since,  in  the  production  of  the  gas,  a  great  deal 
of  heat  is  carried  off  in  the  latent  state. 

b.  The  first,  though  probably  not  the  most  accurate,  ap- 
paratus for  measuring  the  quantity  of  heat  transferable  from 
a  hotter  to  a  colder  body,  was  the  calorimeter  of  Lavoisier 
and  Laplace.  It  consisted  of  three  concentric  cylinders  of 
tin  plate,  placed  at  certain  distances  asunder ;  the  two  outer 
intermediate  spaces  being  filled  with  ice,  while  the  innermost 
cylinder  received  the  hot  body,  the  subjeift  of  experiment. 
The  quantity  of  water  discharged  from  the  middle  space  by 
the  melting  of  the  ice  in  it,  served  to  measure  the  quantity 
of  heat  given  out  by  the  body  in  the  central  cylinder.  A 
simpler  and  better  instrument  on  this  principle  would  be  a 
hollow  cylinder  of  ice  of  proper  thickness,  into  whose  interior 
the  hot  body  would  be  introduced,  and  which  would  indi- 
cate, by  the  quantity  of  water  found  melted  within  it,  the 
quantity  of  heat  absorbed  by  the  ice.  In  this  case,  the  errors 
occasioned  by  the  retention  of  water  among  the  fragments  of 
ice  packed  into  the  cylindric  cell  of  the  tin  calorimeter,  would 
be  avoided.  One  pound  of  water  at  172°  Fahr.  introduced 
into  such  a  cylinder  as  the  one  described  above,  will  melt 
exaiftly  i  lb.  of  ice,  and  i  lb.  of  oil  heated  to  172°  Fahr.  will 
melt  i  lb. 

The  method  0/ refrigeration  contrived  at  first  by  Meyer,  has 
more  recently  been  brou^t  to  great  perfection  by  Dulong  and 
Petit.  It  rests  on  the  principle  that  two  surfaces  of  equal 
size  and  radiating  force,  lose>  in  the  same  period  of  time, 
an  uniform  quantity  of  heat,  when  they  are  at  the  same 
temperature.  Suppose,  for  example,  that  a  vessel  of  polished 
silver,  of  small  size,  and  veiy  thin  in  the  metal,  is  successively 
filled  with  different  pulverised  substances,  and  allowed 
to  cool  from  the  same  elevation  of  temperature,  the  quanti- 
ties of  heat  lost  in  the  first  instant  of  cooling  will  always  be 
equal  to  each  other ;  and  if  one  of  these  substances  cools  in 
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just  half  the  time  taken  by  another,  we  may  conclude  that 
its  capacity  for  heat  is  one-half,  when  its  weight  is  the  same, 
since,  by  losing  the  same  quantity  of  heat,  it  siaks  in  tem- 
perature double  the  number  of  degrees. 

The  Method  of  Mixtures. — In  this  method  two  bodies  are 
always  employed — a  hot  body,  which  becomes  cool,  and  a 
cold  one,  which  becomes  hot — in  such  a  manner  that  all  the 
caloric  which  goes  out  of  the  former  is  expended  in  heating 
the  latter.  Suppose,  for  instance,  that  we  pour  a  pound  of 
quicksilver  at  aia'  Fahr.  into  a  pound  of  water  at  3a',  the 
quicksilver  will  cool  and  the  water  will  heat,  till  the  mix> 
ture,  by  stirring,  acquires  a  common  temperature.  If  this 
temperature  were  122°,  the  water  and  mercury  would  have 
equal  capacities,  since  the  same  quantity  of  heat  would  pro- 
duce, in  an  equal  mass  of  these  two  substances,  equal  changes 
of  temperature,  viz.,  an  elevation  of  90°  in  the  water,  and  a 
depression  of  90°  in  the  mercury.  But,  in  reality,  the  mix- 
ture is  found  to  have  a  temperature  of  only  37^-%  showing 
that,  while  the  mercury  loses  174^*  the  water  gains  only  3$^°, 
two  numbers  in  the  ratio  of  about  32  to  i,  whence  it  is  con- 
cluded that  the  capacity  of  mercury  is  i-32nd  of  that  of  water. 
Allowance  must  be  made  for  the  influence  of  the  vessel,  and 
for  the  heat  dissipated  during  the  time  of  the  experiment^ 

FiQ.  60. 


c.  In  order  to  ascertain  the  relative  heating  powers  of  dif- 
ferent kinds  of  fuel,  the  apparatus  represented  in  Fig.  60 
may  also  be  used.    The  little  furnace  is  covered  at  the  top 


,;  Google 


326  FUEL. 

and  transmits  its  burnt  air  by  c,  through  a  spiral  tube  im- 
mersed in  a  cistern  of  water,  having  a  thermometer  inserted 
near  its  top,  and  another  near  its  bottom,  into  little  side 
orifices,  a,  a,  while  the  effluent  air  escapes  from  the  upright 
end  of  the  tube,  b.  A  thermometer  bulb  may  also  be  placed 
here.  The  average  of  the  two  thermometers  gives  the  mean 
temperature  of  the  water.  As  the  water  evaporates  from' 
the  cistern,  it  is  supplied  from  a  vessel  placed  alongside  of 
it.  The  experiment  should  be  begun  when  the  furnace  has 
acquired  an  equality  of  temperature.  A  throttle  valve  at  c, 
serves  to  regulate  the  draught,  and  to  equalise  it  in  the  dif- 
ferent experiments  by  means  of  the  temperature  of  the 
effluent  air.  When  the  water  has  been  heated  to  the  given 
number  of  degrees,  which  should  be  the  same  in  the  different 
experiments,  the  fire  may  be  extinguished,  the  remaining 
fuel  weighed,  and  compared  with  the  original  quantity. 
Care  should  be  taken  to  make  the  combustion  as  vivid  and 
free  from  smoke  as  possible. 

d.  The  quantity  of  heat  disengaged  by  any  combustible  in 
the  a<5t  of  burning,  is  determined  by  the  quantity  of  water 
evaporated.  (Methodsof  Karmarsch,*  Johnson.tDe  la  Beche 
and  Playfair,t  Brix,||  and  others).  Karmarsch  ascertains 
the  quantity  of  water  which  may  be  converted  into  steam  in 
a  boiler  by  one  pound  of  the  different  kinds  of  fuel.  Johnson 
and  Brix  employ  a  well-condu(5ted  boiler,  and  ascertain  the 
quantity  of  water  which  'may  be  converted  into  steam  of 
110°  or  115°  C.  by  means  of  one  pound  of  fuel.  This  method, 
which,  somewhat  modified,  has  also  been  employed  by  Har- 
tig,§  is  the  best  and  most  useful.  The  results  obtained  by  it 
correspond  with  those  obtained  by  a  calculation  of  the  heating 
power  from  a  chemical  analysis  of  a  fuel.  Brix  has  based 
his  calculations  on  a  larger  caloric  unit  than  that  above 
stated.     He  adopts  as  caloric  unit  the  total  heat  of  steam^ 

•  MitthI,  det  Hannov.  Geweibe-Vereini,  1835,  Lief,  5,  p.  311. 

\  LiEBio'B  Jahresber.,  1850,  p.  688. 

t  Polyl.  Centr.,  1849,  p.  833. 

II  Brix.  Untenuchungen  iiber  die  Hdctcraft  dei  wlchtigcreo  Brennuit.  d«« 
PreuGS.  Staates:  Berlin,  1853. 

f  IIartig,  Untersuch.  ijbcr  die  Heizkrali  der  Steiokohleo  Sachtens :  Leipzig, 
i860. 
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at  a  temperature  (no"  to  115°  C.)  somewhat  exceeding  the 
boiling  point,  or,  in  other  words,  the  quantity  of  heat  which 
is  required  to  convert  one  pound  of  water  of  o°  C.  into  steam 
of  110°  or  115°  C. 

Johnson,  De  la  BSche  and  Playfair  have  adopted  as  the 
unit  the  latent  heat  of  steam  of  100°  C,  that  is,  the  quantity 
of  heat  required  to  convert  one  pound  of  water  into  steam  of 
100'  C.  This  caloric  unit  for  centesimal  degrees  is,  according 
to  Regnault,  536'5.  Peters  prefers  the  unit  suggested  by 
English  and  American  investigators  to  that  of  Brix,  and  on 
comparing  the  theoretical  heating  power  of  coal,  calculated 
from  the  chemical  composition,  with  the  heating  power  as- 
certained by  experiments  in  evaporating  water,  he  adopted 
as  caloric  unit  that  quantify  of  heat  which  is  required  to 
convert  10  lbs.  of  water  into  steam  of  100°  C. 

The  following  returns  of  trials  at  Woolwich  Dockyard* 
between  the  9th  February,  1S4S,  and  the  31st  March,  1838, 
will  be  found  of  great  interest :  — 


■3S|     iiJ',    i  M    I 


III  ihil  i~ln 

DdciifilloD  o{  Ibe  Pgcl  tried.           ^ "  S  ^^33  S^S^  ^  S 

ill  l^sl''  sL-si  a  I 

WtUh  CoaU. 

Abercani  Black  Vein i  g-oi  46*49  i'25  4-40 

Aberdan  steam  coal i  .    &gfi  48-81  17a  5'g3 

„      Fothe^I's I  9-44  47i5o  1-79  437 

„      BwlUa a  9-40  5038  1-43  575 

Bedwaa i  835  43-3»  a-oS  616 

Birchgrove  OraigDla 3  853  45-37  1-43  g-i3 

Blaeadare  Big  Seam i  .   8-a8  437S  3*34  5'io 

„         Mertlqn i  906  47-6S  3-ia  6-14 

Bloeogwurr  Herthri 7  9-38  49-44  1-53  5-84 

Bfymbo  Haiti     a  8-53  44-34  0-95  6-40 

„      a-yardvein i  8-45    .  450a  1-13  649 

„      4-yanivein 1  834  43-03  i'o8  570 

,,      neancoal a  7-93  50-47  1-57  481 

Bute  MeitbjT     5.  ,.   910  4839  3-07  5-19 

Camnethan  .. a  8-11  S''9i  i'S5  3*99 

Can's  Meithyr 3  g-14  4921  1-99  533 

Charcoal  Vein     1 .  8-98  4C'79  I'gs  5'o6 

CoedTalon j  7-68  ja-ii  0-96  540 

ColelhiU  coal      I  7-68  51-06  0-25  3-11 

H      BagiUt a  7-93  49-33  o-6a  3-57 

*  Uhb's  DiAioDary  of  Arta  and  Mioea,  vol.  ii.,p.  409. 
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D«KriptIonoftli«Fii«l  tried.  ^ » g  J-o'sl'l       S 


III  ^llll        I 


CwmAmmoii      4  S-Co  45-01        175   3-61 

»  6  8'93  45-93       »■«    j-a? 

Cmnlirood  Rock  Veto i  8-71  4688       a-ii   4-1S 


EbbwVale 3  g-afi  38-79  1-78  678 

•     »  9'»9  4383  a'Si  6-41 

EUed'aVeiD 3  g-io  si'»  rjs  5'Z9 

Elsecu  liird  Meam  co«] 3  S'37  45-99  0-73  3-33 

Enloe  CoUieiy a  S'aft  48-36  1-31  371 

Qarden  Edge  Colliery  coal       ..     ..  3  8-41  S°'^  "^  5''4 

Qellia  Cadoxtan  ateam  coal     . .     . .  a  8-91  49-97  0-68  5-70 

,       „      ....  a  8-i4  43'83  0-87  6-31 

Oolynoa       i  g-oa  4a-6a  0-69  3-gi 

Qraigola  Iteain  coal 3  8-89  35-39  0-43  6-G9 

.(hand-picked)     „  i  8-84  4i-ga  O-71  5-58 

Qwytben  Charcoal  Veil) t  8'3i  47'S5  0-95  4-40 

„                »           1 4  B-gs  48-ifi  3-70  3*So 

Little  Raith  Locbgellr      3  7*17  46-68  O'ga  7-43 

Llanelly        I  8-43  46-43  1-96  6-8o 

Llangeaeeck        a  8-81  46-53  3-36  6-41 

„            (hand-picked)        ..     ,.  a  S-44  44*93  3-03  5-73 

I«chgellycoal a  7-66  46*06  O'lo  4-13 

^achen  Black  Vein i  8-81  50-44  3'io  5-39 

„     RockVrio r  8-3>  47'»7  *'37  478 

Vttthyt        as  8-78  45-43  i-oa  s-54 

g'oA  48-17  1*66  4-56 

863  47-73  1*49  3-79 

„       Aberdare 3  8-75  46-78  i-6i  4-06 

„       PothergiU'a     ..  43  8-51  44-79  1-47  4-53 

„        Cioafield a  9-37  45-14  1-35  6-38 

„                „        and  Gadley'a  .,  i  8'66  46-13  0-91  7-53 

„        niand-picked) 8  8-93  45-84  rij  4-83 

„         Nixon'i       6  8-78  43-54  0-1^  4-34 

„       Wenstcydale     t  S-gi  45-S4  0-61  6-49 

„       Wood's      I  8-87  4370  0-67  5'68 

Moifa  ■team  coal       I  8-53  44-63  na  4-63 

i>       .•        >•    Vivian'B       ..     ..  a  8-6o  44'94  l'30  5'33 

Nevill'a  LUoelly        a  8-56  47-59  3-03  5-80 

New  Black  Vein  steam  coal    . .     . .  a  9-56  50*67  0-79  5-75 

Newelline 1  8-97  48-35  a-ai  6-35 

Powell'e  Dnlfryn 1  g-oS  48-36  1-33  6-8i 

Reaolven      9  9-06  48-10  1-77  5-48 

„        (hand-picked) i  8-64  45-33  0-54  4-35 

1  9'iS  4679  »75  4'40 

Riaca  Rock  Vein i  8-16  4667  187  5-33 

RockVein a  860  48-11  a-39  5-89 

Squborwen  Metthyr 13  8-93  46-51  1-85  6-00 

Thomai'i  Merthyr     a  g-38  49*99  I-S4  4-61 

Tilleiy  Big  Vein a  8-89  31-99  1-07  4-57 

WagnoB  Merthyr        3  8-79  47*35  1*76  6-48 

Wavnea  Herthyr        I  8-98  48-43  1*79  5"33 

WeUhcoal         2  g-33  48-63  1-73  6-16 
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Detcriptjoa  of  tlw  Fdc]  tried. 


North  Country  Coal. 

Alloa  CoUieiy     3 

AtheftOQ  iteai])  coal 

Barlieth  and  DoUm'i  iteBni  coal    , 


Bates's  Hartley 

WestHaitley    . 
Bcbsids  Colliei;  coal..     . 

Bell's  Primrose 

Bonttrechill  coal 

Buddie's  Hartley. .     ..     , 
H       WestHartl^   , 

Can's  Hartlenr 

Clttc" 


CuttWiUl      

Derwcntwater,  RaddiSe  CoUiety    . 
West  Hanky..      . 

Eaidson's  Hartley      

Oaribrth's  Hartley 

Oaifbitb  steam  coal 

Ganwood  Park 

OawberHaU 


ncoal 


Qowet  coal  . 

Grey's  Broomtull 

Gfinuby  coal,  SbeEBeld  BaUway 

Halsnead  coal 

Hartley  coal        

u       Bate's  West      . .     . . 


Buddie's 

We« 

„       Can's 

„  „        Wert 

„        Clifton  West     . .     . .     . . 

,,       Fenhiun's «• 

„  „       West 

»       Hedley-s 

„       HettonWest 

„       Howard's  West  Netberton 

„       Jonassobo's      ..     ..     .. 

,,        Longridge  West       ••     .. 

„  „       best 

„       Moipetb     

,,        Newcastle 

Wellington  West     ..     .. 

„        Whitworth 

„        Willingion  West     ..     .. 

Hastings  Hartley      

Heatoa  CoUieiy 


671 

XT'. 


8*27 


2^ 
7-84 


r39 
8-40 
780 


7-63 
S-33 
8-87 
8-40 

7-67 
8-og 


8-Sg 
8-40 
8'93 


35-07 
48-76 
49'45 
W39 
43M 
46-41 
49-8a 


47-98 
48-34 
48-63 
45'39 
43-37 
jo-ja 
♦«a3 
5o-ia 
5011 
40-33 
51-61 
4a'49 
43-01 
44-58 
48-87 
4584 
4ra3 
45-78 
4S-»7 
46-30 
45-61 
46-33 
45-45 
48-43 


1-34  5-*3 

0-93  460 

3-40  6'68 

»«7  4-67 

1-49  408 

i'7i  376 

067  4-76 

—  S-74 

no  3-8a 

1-67  4-7a 

0-7I  4-88 

0^1  5-75 

i-a6  5-60 

i-ig  5-a9 

r-05  4'ii 

i-as  s-8o 

o*9a  s-»8 

114  5-66 

1-69  4-14 

i-*4  3-69 

i-o6  5-77 

0-66  7-07 

1-43  3-97 

I-I5  4-II 

i*a8  409 


47-58 
45'4* 
4^-48 


0-73  5-94 

a-o7  5-10 

3-89  e-15 

,.39  a-gt 

I'lS  e-98 

I -35  S-So 

0-88  5-34 

'•46  3'75 

1-18  3-39 

i-5a  4-70 

3-07  5-73 

1-37  5-09 

i'79  381 

i'35  3-65 

i*i5  3-91 

3*38  6-39 
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Howard'!  West  Hartley 17 

„        NethertoD 6 

Hoyjand  Colliery       a 

„        and  ElKcar       3 

Ince  Hall  coal a 

Kilohnrst  Hard i 

Land  EnziDe  coal      i 

Liadiay  Mine      a 

Lord  Rosilyn's  coal i 

„    Ward's  Bteam  coal 3 

Lumley'e  steam  coal 1 

Lnndhill  hard  coal      3  - 

„        lofl  coal      3 

Lyon's  West  Hartley        4 

Mideeholme         a 

Norlb  Country  coal I 

Nortb  Gawber  steam  coal        ..  I- 

Oaks  Colliery      4 

Orrell  (team  coal        a 

Ramsay's  Adait'B  Main 3 

Ravengworth's  Hartley 3 

Rocbsole's  Colliery 3 

Skerrington  coal 3 

„        Colliery      a 

Splint  coal 3 

St.  Helen's  Tees 3 

Stavely  Main  coal      8 

Strangeways  Coliteiy,  3  feet  seam  . .  x 

WaltEen  Honse,  or  New  House     . .  I 

Washington'!  West  Hanley    . .     . .  a 

Wather  House  steam  coal       ■■     •.  4' 

Wellington  Hartley i 

Wellwood  Colliery a 

West  Hartley     3 

Whitefield  Colliery 3 

Whitworth  Park a 

Wigan,  4  feet  seam i 

Wombwell  Main 3 

Yale  Deep  Vein 3 

Anthradlt  eoat a 

„  „  Bonville'a  Court  3 

„  „  Killget^ 6 

„  „  Watney'i 4 

Cambrian  stiamftul 3 

Chilian  coal i 

Cokt  consolidaltd        I 

Palenl/utl t 

3 

„    „   Captain  Cochtane's        ..  i 


m 


fti.  I 


n  Jills 


8-o8 
9-58 
870 


7-fa 
8-54 
8-84 


it 


6-36 
8-3S 
g-58 


49S» 
58-36 
48-98 
4S-7S 
45-22 
4S-6a 
4577 
48-09 
41-86 
42-66 
51-30 
3740 
49''9 
50-48 
5»73 
44-a6 
50-14 
45-04 


OS5  395 

0-67  4-,a 

144  5-40 

108  3-76 


1-60  387 

1-17  4'95 

0-59  6-16 

r-47  S'03 

085  4S9 

0-42  603 

1-54  6-82 


48-44 
4654 
47-60 
5145 
42-29 
54-15 
4i-a7 
48-17 
49-11 
48-1O 
477S 
49-92 
50-35 
47-97 
52-17 
46-49 
45-38 
44-98 
51-11 
35-43 

31-19 
42-68 
4144 
4S4S 
3883 
1947 
48-85 


r-03  3-63 
r-67  5-73 
0-67   4-20 


3-85  5-07 
a-gi  5-98 
3-46  3-64 


o-ga  5-14 
1-64  5-7S 
o-8r   4-50 


1-48  658 
1-17  5-81 
»-8o  3  33 

0-14  19-11 
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PaUnl /lul,  Holland's      S  7'94  39'Si  I'TO  frso 

„        „  Lyon's a  898  47-40  a-B6  4*37 

„       „  Tempetley's 3  8-50  41-45  0-99  719 

I,       „  Worlich'a     8  8-70  44-13  1-40  7-64 

H          4  fl'6  46-47  y°3  S'fia 

Fort  Adtlaidt      i  6-44  38-30        7-4133-35 

Singafort  coal I  6-97  48-77  —    9-99 

St.  Domingo  (SamaPa)      j  I'lg  10-59  —  iSoo 

The  Theoretical  Heating  Power,  Calculated  from  the   ■ 
Composition  of  the  Fuel. 

According  to  Welter's  theory,  the  absolute  heating  power 
of  carbon  and  hydrogen  stands  in  dire^  proportion  to  the 
oxygen  required  for  burning  those  substances.  This  theory 
is  based  upon  the  circumstance  that  according  to  stochio- 
metrical  calculation,  one  part  in  weight  of  hydrogen  con- 
sumes, on  combustion,  three  times  more  oxygen  than  carbon, 
andthat,  according  to  the  older  statements  (page  321),  the  ab- 
solute heating  power  of  hydrogen  and  carbon  stands  in  the 
proportion  of  three  to  one.  The  quantity  of  oxygen  required 
for  burning  fuel  may  be  calculated  from  its  composition. 

The  oxygen  contained  in  the  fuel  is  not  without  effect  in 
the  process  of  combustion,  but  even  impairs  the  heating 
power,  as  it  binds  an  equivalent  quantity  of  carbon  or  hydro- 
gen, in  consequence  of  which  a  corresponding  amount  of 
the  latter  substances  creates  no  heat,  and  must  be  dedutfled 
from  the  combustible  components  of  the  fuel.  More  recent 
investigations  of  the  absolute  heating  power  of  hydrogen  and 
carbon  have  ascertained  their  proper  proportion  to  be  4*2  to  I ; 
this,  therefore,  accounts  for  Welter's  theory  not  being  more 
generally  employed. 

The  latest  investigations  of  the  caloric  units  have  proved 
that  Welter's  theory  or  law  is  corredt  with  regard  to  carbonic 
oxide  and  hydrogen.  Fourteen  parts  in  weight  of  carbonic 
oxide,  when  burnt  to  carbonic  acid,  absorb  eight  parts  of 
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oxj^en,  and  produce  14  x  2466  =  34524  units  of  heat,  if 
calculated  with  the  application  of  Dulong's  ratio ;  these 
caloric  units  closely  correspond  with  the  absolute  heating 
power  of  hydrogen  =  34800,  as  it  is  determined  by  Dulong. 
One  part  in  weight  of  hydrc^en  likewise  requires  eight  parts 
of  oxygen  for  its  combustion. 

Peters*  proposes  more  simple  formulse  for  calculating  the 
absolute  heating  power  from  the  chemical  analysis  of  fuel. 
The  results  obtained  by  these  formuls  exaAly  cotrespond 
with  those  obtained  by  Brix  (page  321)  in  his  experiments 
with  coal. 

If  C  represents  the  amount  of  carbon  contained  in  100  parts 
of  eo  organic  substance,  H  such  an  amount  of  hydrogen, 
and  A  the  percentage  of  foreign  admixtures  (water,  sulphur, 
and  ash)  the  absolute  beating  power  of  100  parts  of  any  fuel 
will  be — 

E  =  (a-3  C  +  7'2  H  —  80)  ?^* 

Mineral  coal,  for  instance,  containing  eight  parts  of  foreign 
substances,  =  A,  in  100  parts,  and  organic  substances  in  the 
following  proportion :  90  C,  5  H,  and  5  N  and  O,  it  will 
follow  that — 

E  =  (2'3  X  90  +  7-3  X  5  —  80)  0-92  =  149-96. 
149*96  therefore  represents  the  heating  power,  in  caloric 
units,  which  may  be  produced  by  the  peifeist  combustion  of 
100  parts  in  weight  of  mineral  coal. 

Steint  has  calculated  the  theoretical  heating  power  of  the 
Saxony  coal  from  its  chemical  composition ;  but  he  con- 
siders two-thirds  of  this  amount  as  the  practical  heating 
power,  which  may  be  obtained  in  well-constru£ted  fire-places. 

Berthier'a  method  for  ascertaining  the  comparative  caloric 
power  of  any  combustible  matter,  by  means  of  litharge,  is 
fully  described  in  Mitchell's  "  Assaying." 

Porchhammer^  recommends  the  employment  of  a  mixture 
of  three  parts  in  weight  of  litharge  and  one  part  of  chloride 
of  lead,  instead  of  pure  Iithai:ge,  as  this  mixture  admits  of 

*  ZeitKhr.  dei  Verani  deutcber  Ingenieim,  ii^  333.    Berggeiil,  iSsg,  No*. 
15,66. 
t  B.  u.  h.  Ztg.,  i857>  V-  381- 
}  BgwkfiL,  xi.,  30- 
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a  quicker  smelting  if  employed  in  such  quantities  as  is  usual 
with  litharge  alone. 

Pure  carbon  produces,  with  pure  lithai^e,  thirty-fourtimes 
its  weight  of  lead  ;  charcoal,  containing  i  or  ij-  per  cent  of 
ash,  produces  only  twenty-nine  or  thirty  times  its  weight. 

Pavre  and  Silbermann's  caloric  unit  of  carbon  =  8086  is 
accepted ;  each  part  of  lead  produced  by  the  fuel  will 
correspond  to  ^  =  338  units  of  heat,  and  to  only  230  units 
if  Despretz's  ratio  of  7815  is  accepted. 

Water  and  pyrites  contained  in  the  fuel  necessitate 
further  corrections. 

Berthier's  method,  when  based  upon  Welter's  theory,  does 
not  give  absolutely  correA  results ;  they  deviate,  however, 
but  little  from  the  truth,  and,  owing  to  its  simplicity,  this 
method  is  still  in  use,  and  of  practical  value.*  The  results 
are,  at  the  very  highest,  only  one-ninth  smaller  than  those 
found  by  calculation  from  analyses  of  the  fuel,  and  the 
richer  in  carbon  the  fuel  is,  and  the  less  carbonic  oxide  that 
has  been  formed  by  a  careful  execution  of  the  assay ,t  the 
nearer  they  approximate  to  the  theoretical  results. 

Comparison  of  the  Theoretical  Heating  Power  with 
the  Pra<Itical  Reanlts. — ^The  theoretical  heating  power  is 
always  higher  than  that  found  by  experience,  because — 

1.  The  combustion  is  never  quite  perfeA,  as  if  there  is  a 
lack  of  atmospheric  air,  a  partial  carbonisation  wilt  take 
place,  and  if  too  much  is  admitted,  the  surplus  of  oxygen  and 
nitrogen  requires  to  be  heated.  The  cinders  falling  through 
the  grate  also  cause  loss  of  heat  in  the  apparatus. 

2.  The  hot  products  of  combustion  never  transmit  all 
their  heat  to  the  substance  to  be  heated ;  part  of  it  is  tost 
by  radiation  from  the  grate,  the  furnace  walling,  &c.,  another 
part  escapes  into  the  chimney  along  with  the  products  of 
combustion,  while  another  is  absorbed  by  the  hygroscopic 
water  present,  &c.  Bunsen  estimates  this  loss,  in  iron  blast 
furnaces,  to  be  75  per  cent,  and  still  more  in  reverberatory 
furnaces. 

*  Erdh.,  J.f.  pr.Cfa«in.,xvii., 65.    Oeiteir.  Ztichr.,  igs3<P-34i  t65<!iP-S49. 
f  DWOL.,  Bd.  146,  p.  138.    Polyt.  Centi.,  1S38,  No.  1,  p.  113. 
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Devices  for  Increasing  the  Heating  Power  Obtained  in 
Pra<!Uce. — In  order  praflically  to  produce  a  Iieating  power 
approaching  the  theoretical  resolt.  the  combustion  of  the 
fuel  must  be  as  perfect  as  possible  (smoke  consuming  appa- 
ratus, a  judicious  admission  of  air,  a  careful  stirring  of  the 
fire,  80  as  to  avoid  or  lessen  the  loss  by  the  formation  of 
cinder,  previous  heating  of  the  fuel  or  the  air  of  combustion, 
&c.) ;  care  must  also  be  taken  that  the  greater  part  of  the 
heat  produced  is  transmitted  to  the  substance  to  be  heated. 
The  latter  requirement  may  be  facilitated  by  perfedlly  drying 
the  furnaces,  the  substances  to  be  heated,  the  fuel  and  the 
air  of  combustion,  by  a  judicious  selection  of  the  fuel,  a 
suitable  division  of  the  substances  under  treatment,  a  suitable 
construdlion  ofthe  furnace,  a  regulation  of  air  of  combustion, 
&c.  The  waste  gases  escaping  from  the  furnace  must  be 
further  utilised  (use  of  the  waste  gases  from  the  furnace 
mouth,  of  the  radiating  heat  of  the  furnace  walling  for  drying 
fuel,  ore,  heating  of  blast,  boilers,  &c.) 

Brix's  experiments  and  Peters's  calculations  have  taught 
that,  with  mineral  coal,  the  theoretical  heating  power 
is  lai^r  than  that  obtained  in  pradtice  by  a  nearly  constant 
^efficient  (in  medium  0*664).  '^^^  pradtically  obtainable 
heating  power  may  therefore  be  calculated  by  multiplying 
the  theoretical  power  by  o'664  or  by  f . 

Schinz*  has  stated  the  composition  of  various  kinds  of 
fuel,  and  the  quantities  of  heat  which  they  may  produce,  to 
be  as  follows  : — 


i1^' 
m 


hi 


i         '      1     n     I     , 

Air-Dried  Wood    ..  o-6oo  0*394  <'™>7  57>3  434  6^7 (^' 

Bitaminoai  Coal    ..  o'ljo  trSij  0-357  11S17  1170  13987    1, 

Charcoal 0-070  0-930        —  13483  —  I3485    " 

Coke o'ljo  0-850  —  "3*5  —  ^*3a3    '' 

Anthracite       •.     •.  o-o6i  0-915  0-0344  '3*6?  1513  14780    ,| 

The  quantities  of  heat  are  considerably  decreased  if  the 
carbon,  owing  to  a  want  of  air,  is  burnt  to  carbonic  oxide 

*  DiNoL.,  Bd.  143,  p.  ifii.    B.  n.  h.  Zig.,  1S57,  p.  75. 
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instead  of  carbonic  acid.  The  quantity  of  heat  with  i  lb. 
of  carbon  will  then  decrease  from  14,500  to  2442  units,  and 
with  the  kinds  of  fuel  enumerated,  to  1397,  4160,  2271,  2075, 
^nd  3747  units  per  lb.  respectively,  which  is  equal  to  a  loss  of 
heat  of  77,  ,70,  83,  83,  and  75  per  cent  reapedtively. 

L  According  to  theoretical  calculation,  the  above-named 
fuels  require,  for  perfeifl  combustion,  60-3,  I33'7,  i35'ij  I23"5, 
and  i43'6  cubic  feet  of  air  per  lb.  respeftively ;  in  reality, 
however,  a  surplus  of  air  occasionally  occurs,  and,  at  other 
times,  a  want  of  it,  according  to  whether  the  fuel  lies  on 
the  grate  in  a  thin  or  in  a  thick  layer,  and  whether  the  draught 
is  more  or  less  strong.  In  practice,  a  very  thick  layer  of  fuel 
on  the  grate  is  employed,  if  the  produiftion  of  an  intense 
fire  is  intended.  Schinz  calls  units  of  heat  that  quantity  of 
heat  which  is  required  to  raise  the  temperature  of  i  lb,  of 
water  by  1*  Fahr.  Only  0*2377  ""'*  of  heat  is  required  for 
heating  i  lb.  of  air  1°.  This  unit  is  termed  the  specific 
heat  of  air,  i  cubic  foot  of  air  requires  0*018575  i^i^  of 
heat  to  raise  it  1°. 

3.  The  Specific  Heating  Power  represents  the  heat  pro- 
duced from  a  certain  volume  of  fuel.  It  may  be  ascertained 
by  multiplying  the  absolute  heating  power  by  the  specific 
gravity  of  the  fuel. 

-  Example. — For  a  certain  process,  in  a  reverberatory  fur- 
nace, 240  cubic  feet  of  pine  wood  are  consumed.  It  is  a 
question  how  many  cubic  feet  of  mineral  coal  can  replace 
that  quantity  of  wood,  if  the  grate  is  suitably  re-construAed, 
and  supposing 

I  part  of  pine  wood  to  reduce  14*5  parts  of  lead, 
and  I        „    coal  „         3^'o    „        „ 

and  the  specific  gravity  of  pine  wood  to  be  =■  0*473, 
and    „        „  „  coal  „      =  i'279, 

the  specific  heating  power  of  pine  wood  and  coal  are  pro- 
portionate to  the  products  of  their  absolute  heating  power 
into  their  specific  gravities,  that  is  as 

14*5  X  0-473:31*0  X  1-279  =  6*84  to  39*64, 
consequently  it  will  be  possible  to  replace  6'84  volumes  of 
coal  by  39*64  volumes  of  wood,  or  240  cubic  feet  of  wood  by  a 
quantity  of  coal  amounting  to  ^^~P*  =  4i"4  cubic  feet. 
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According  to  Peters,*  more  useful  and  praAical  results 
are  obtained  if  the  contents  of  a  certain  volume  (such  as  a 
a  load  or  bushel)  are  repeatedly  weighed,t  instead  of  making 
use  of  the  specific  gravity,  aa  the  weight  of  a  definite  laige 
volume  of  various  coal,  &c.,  is  by  no  means  always  in  pro- 
portion with  the  respective  specific  gravity,  owing  to  the 
variable  shape  and  size  of  the  pieces. 

6.  Determination  of  the  Pyrometric  Heating  Power. 

By  pyrometric  heating  power  is  meant  the  degree  of  tem> 
perature  which  may  be  obtained  by  completely  burning  the 
fuel.  This  power  depends,  not  only  on  the  composition  of 
the  fuel,  but  also,  and  chiefly,  on  the  air  of  combustion 
introduced,  as  well  as  on  the  time  required  for  its  combustion, 
and  this  ^^n  is  dependent  on  the  amount  of  water  contained 
in  the  fuel,  on  its  porosity,  and  state  of  division. 

The  pyrometric  heating  power  may  be  determined  by 
calculation,  and  by  the  application  of  pyrometers. 

Scheererl  calculates  the  pyrometric  heating  power  from 
formulae,  which  are  based  upon  the  absolute  heating  power 
as  determined  by  Dulong,  Grassi,  Favre  and  Silbermanut 
(page  321),  on  the  relative  weight  of  the  fuel,  and  the  specific 
heat  of  the  produifts  of  combustion  produced  from  the  fuel. 
He  gives  the  following  examples  of  this  heating  power : — 
In  Oiygco.  Id  Air. 

Carbon  .    .    .    =        9873°  C.  2458"  C. 

If  burnt  to  carbonic  acid — 

Carbon  .    .  —  1310°  C. 

If  burnt  to  carbonic  o^dde — 

Carbonic  oxide  =  5316'— 7090*  C.    aiai'— aSaS*  C. 
Carburetted  hy- 
drogen (CH)     =        6308°  C.  2290'  C. 
Carburetted  hy- 
drogen (CH.)  =        4766''  C.  1935°  C. 
Hydrogen  .    .    =        4073°  C.                 2080°  C. 

'  Berggeiit,  iSjg,  No.  18,  p.  146. 
t  B.  n.  h.  Ztg.,  1859,  p.  151. 

t  SCHKEKKK,  MeUllnrgie,  !.,  145,  385.  V.  HsiiDBR'a  Erliuterunfcn  itr 
vorzuglichaten  Appumte  ini  Erwiimoog  der  GebliMluit,  1S40  (Beilage). 
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Dalton  and  Grass!  give  a  lower  pyrometric  heating  power 
for  carbonic  oxide  than  Dulong,  and  Favre  and  Silbermann. 
According  to  the  latter  investigators,  carbonic  oxide,  on 
combustion  in  atmospheric  air,  produces  a  higher  degree  of 
heat  than  carbon,  which  may  be  possible,  owing  to  the  high 
absolute  heating  power  of  carbonic  oxide,  and  to  the  circum* 
stance  that  one  part  by  weight  of  carbonic  oxide,  on  combus- 
tion in  atmospheric  air,  produces  only  2  '47  parts  by  weight  of 
gaseous  produdls,  whilst  one  part  of  carbon,  under  similar 
circumstances,  yields  12*57  P^irts,  the  nitrogen  of  the  atmo- 
spheric air  being  included  in  both  cases. 

When  the  carbonic  acid  which  has  been  formed  before  the 
tuyere  of  a  blast  furnace  is  converted  into  carbonic  oxide  by 
means  of  glowing  coal,  a  lowering  of  the  temperature  by 
2458—1310  =  1148°  C.  will  be  observed,  the  reason  of  which 
is  that  a  chemical  solution  and  not  a  combustion  of  carbon 
takes  place,  in  which  process  the  solid  carbon  assumes  the 
gaseous  form,  and  absorbs  heat.  This  decrease  of  temperature 
amounts,  according  to  Dulong,  to  1316°  C,  and  1200°  C.  may 
be  considered  as  the  average  amount. 

This  explains  why  the  kinds  of  compaiA  fuel  (coke,  anthra* 
cite,  hard  charcoal)  possess  a  higher  pyrometric  heating  power 
than  loose  fuel,  such  as  brown  coal,  turf,  wood,  soft  charcoal. 
As  an  equal  volume  of  compact  fuel  has  leas  surface  than 
loose  fuel,  less  quantity  of  carbonic  acid  formed  in  combus- 
tion will  be  converted  into  carbonic  oxide.  Mitscherlich 
states  that  the  medium  diameter  of  a  cell  in  charcoal 
measures  i-2400tb  inch.  On  comparing  the  weight  of 
diy  charcoal  with  that  of  a  piece  impregnated  with 
water,  it  will  be  found  that  the  surface  of  the  cells  of  a 
piece  of  charcoal  weighing  0*9565  gr.,  measures  about  73 
square  feet. 

These  statements  explain  why  carbonised  kinds  of  fuel,* 
rich  in  carbon,  have  a  greater  pyrometric  heating  power  than 
the  inflammable  raw  fuel,  rich  in  hydrogen.  The  case  is  just 
the  reverse  with  regard  to  the  absolute  heating  power,  for  the 

•  B.  n.  b.  Ztg.,  I8J3,  p.  5S7. 
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reason  that,  on  being  heated  to  a  certain  degree,  the  watery 
vapour  formed  by  the  combustion  of  hydrogen,  absorbs  nearly 
four  times  as  much  heat  as  cariionic  acid. 
For  combustion  there  are  required — 


Part                 PartB 

Parts 

by  Wright.      by  Weight. 

by  Weight. 

I  C      +2-67  0,  in  orderto  form  3-67  CO, 

I  c    +1-330, 

..         ..    a-33C0, 

I  CO  +0-570, 

»    1-57  CO. 

I  CH  +3-43  0, 

..       ..   3-14  CO. 

and  1-29  Water. 

I  CH,+4-ooO, 

„    275  CO. 

»  2-25      » 

I  H     +8-00  0, 

»     -CO, 

„   9-00     „ 

Part             P»rt« 

Parts 

Parts 

by  Volume,    by  Volume. 

by  Volume. 

by  Volume. 

I  CO  +0-500, 

„          „     i-oo  CO, 

»      —          » 

I  H     +6-50  0, 

„      —  CO, 

„      I"00      „ 

I  CH  +roo0. 

„    I-oo  CO, 

„      2'00      „ 

I  CH, +3-000, 

„           „     2-00  CO, 

„      3-00      „ 

The  various  heating  powers  are  calculated  by  Scheerer  at 
atmospheric  tension,  and  are  to  be  considered  as  "  maxima," 
as  the  effe<5l  really  obtained  is  more  or  less  below  the 
theoretical  one.  The  calculated  ratios  at  once  admit,  how- 
ever,  of  a  comparison  of  the  efFefts  of  various  kinds  of  fuel. 
When  fuel  is  burnt  as  perfeiilly  as  possible  by  a  judicious 
admission  of  air,  which,  if  required,  is  previously  heated,  a 
pyrometric  heating  power  may  be  obtained,  which  nearly 
approaches  the  theoretical  pyrometric  heating  power.  The 
pyrometric  beating  power  may  be  frequently  increased  by  a 
judicious  preparation  of  the  fuel  (pressing  of  the  turf,  washing 
of  the  mineral  coal,  &c.),  as  also  by  introducing  steam  along 
with  the  blast,  and  more  especially  by  burning  the  greatest 
possible  number  of  particles  of  fuel  in  a  certain  time.  The 
latter  operation  may  be  effected  by  a  suitable  division  of  the 
fuel,  and  by  the  application  of  blast  or  draught. 

Scheerer  has  propounded  the  view,  and,  in  fa£l,  based  his 
theory  upon  it,  that  every  combustible  body  could  bum  in 
maxima  only  with  that  degree  of  temperature  which  corres- 
ponds to  the  quantity  of  oxygen  required  for  perfed^  combus- 
tion, and  which  enters  the  products  of  combustion  whilst 
being  modified  by  the  admixture  of  other  gases.     According 
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to  Heintz,  Steinheil,  and  Exter,*  this  view  is  correft 
with  regard  to  the  quantity  of  heat,  but  not  with  regard 
to  the  intensity,  or  the  pyrometric  beating  power,  which, 
in  certain  limits,  may  be  raised  at  will  if  the  combustion 
is  effe^ed  at  a  higher  tension  than  that  of  the  atmosphere. 
This  may  be  attained  in  reverberatory  furnaces,  by 
introducing  air  and  gas  into  the  fire>place  under  a  higher 
pressure  than  that  with  which  the  produ(5ls  of  combustion 
escape  from  the  furnace.  Such  a  pressure  admits  of  the  per- 
feft  combustion  of  twice  or  three  times  the  quantity  by  weight 
of  a  combustible  body,  in  the  same  space  and  the  same  time ; 
this  space  must,  therefore,  contain  twice  or  three  times  the 
quantity  of  heat,  which,  according  to  Mariotte's  and  Gay- 
Lussac's  law,  modified  by  Dulong's  determination  of  the 
speci&c  heat  in  constant  volume,  may  be  ascertained  in  the 
measured  pressure  of  the  hot  gases.  The  supposition  that 
carbon,  on  burning  in  oxygen  and  atmospheric  air,  could  not 
produce  a  higher  temperature  than  9873°  C,  and  2458"  C. 
respectively,  is,  therefore,  only  corredl  if  such  combustion 
takes  place  at  atmospheric  tension.  Based  upon  these  faAs, 
the  before- mentioned  investigators  have  taken  out  patents 
by  which  they  profess  to  raise  the  pyrometric  heating 
power  of  any  combustible  matter. 

According  to  Schinz,*  the  temperature  of  a  fire  may  be 
calculated  from  the  composition  of  a  fuel,  and  the  quality 
and  quantity  of  the  produ<5ts  of  combustion ;  this  temperature 
varies  according  to  whether — 

1.  Perfedl  combustion  takes  place  with  the  quantities  of 
air  which  are  theoretically  required. 

2.  Perfedl  combustion  takes  place  with  double  the  quan- 
tity of  air  that  is  used  in  most  fire-places  whare  no  great 
intensity  of  beat  is  required. 

3.  Imperfe(5l  combustion  takes  place,  when  part  of  the 
fuel  (about  one-half)  escapes  as  carbonic  oxide. 

These  three  cases  yield  the  following  results : — ■ 

•  Bgwlifd.,  xviii.,  588.     Polyl.  Centr.,  1855,  p.  136S. 

t  DiHOU,  Bd.  i^,  p.  361.    B.  u.  h.  Ztg.,  1S57,  p.  75. 
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Without  a  Saqilot    With  x  Snrpliu  Combuitioii. 
of  Air,                    of  Air. 

Defftet                 Degrees  D^ieea 

Pahr.                      F>hr.  F«hr. 

Air-dried  wood  .     .    41Z0  2318  2949 

Bituminous  coal    .    5029  2653  41x3 

Charcoal ....    4881  2553  377° 

Coke 4881  2554  3^51 

Anthracite    .    .    .    4956  2592  3949 

The  results  of  the  first  column  are  merely  theoretical ; 
those  of  the  second  correspond  to  pradtical  experience ;  and 
those  of  the  third  are  variable  according  to  whether  a  thick 
or  thin  layer  of  fuel  is  kept  on  the  grate,  and  whether  the 
draught  is  stronger  or  weaker.  The  results  adopted  in  the 
first  table  are  the  most  favourable  ones.  The  second  method 
of  combustion  is  applied  when  the  produAion  of  lower 
degrees  of  temperature  only  is  intended,  such,  for  example, 
as  are  applied  to  heating  a  boiler,  &c.,  and  it  may  give  rise 
to  a  considerable  loss  of  temperature  by  the  escape  of  hot 
products  of  combustion.  The  third  method  of  combustion 
is  frequently  employed  in  metalluigical  operations  for  the 
produ<5lion  of  higher  degrees  of  temperature,  and,  even  under 
the  most  favourable  circumstances,  a  loss  of  40  per  cent  of 
heat  will  always  take  place. 

Pyrometers. — The  pyrometric  heating  power  may  be 
ascertained  by  means  of  pyrometers,*  which  method,  how- 
ever, is  not  quite  exaft,  owing  to  the  imperfeiition  of  the 
instruments,  besides  which  the  application  of  pyrometers 
frequently  presents  great  difficulties. 

The  pyrometers  pra^fticalty  employed  are  generally  based 
upon  the  following  principles  :t — 

a.  Pyrometers  Based  upon  the  Modification  of  the 
Volume  o£  any  Substance. — This  substance  is  usually 
metal,  and  only  that  metal  can  be  applied  which,  at  an  in* 
creased  temperature,  expands  as  uniformly  as  possible. 

Mercury  pyrometers,  having  a  prolonged  scale  up  to 
360°  C,  only  admit  of  a  limited  use,  and  do  not  give  exa£t 

■  Mbrbach,  Aawendiuig  der  erhiuten  GeUicelaft  im  Oebdete  der  Mctil- 
lotgie,  1840,  p.  aSg. 
t  BgwlJa.,  I.,  497. 
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results  above  100°  C,  on  account  of  the  non-uniform  ex- 
pansion  of  mercuiy.  Usually  they  are  only  employed  for 
the  detennination  of  the  temperature  of  the  hot  blast. 

The  older  kinds  of  metal  pyrometers  admit  of  a  measure- 
ment of  the  expan^on  of  metals  at  different  degrees  of 
temperature,  but  they  do  not  register  those  degrees  them- 
selves. 

A  number  of  metal  pyrometers  have  more  recently  been 
construifted  by  Guyton  de  Morveau,  Dasiell,  Neumann  and 
Petersen,  Gibbon,  Siemens,  and  others. 

Guyton  employs  a  rod  of  platinum,  one  end  of  which  is 
fixed  to  a  plate  of  clay,  and  exposed  to  the  temperature  to 
be  determined ;  the  other  end  presses  against  the  short  arm 
of  a  lever  as  soon  as  expansion  takes  place,  and  thus  turns 
the  long  arm  of  the  lever,  which,  serving  as  a  hand  of  a 
sextant,  enables  the  degrees  to  be  observed.  This  apparatus 
has  one  disadvantage,  namely,  that  the  sextant  is  heated  at 
the  same  time  with  the  rod  of  platinum ;  and  this  modifies 
and  spoils  it. 

Daniell's  pyrometer  is  described  in  Mitchell's  "Assaying." 

Neumann  and  Petersen's  pyrometer  is  composed  of  rods 
of  platinum  and  iron ;  it  is  of  similar  construdlioo  to 
Guyton's  pyrometer,  though  with  some  improvements. 

Stohrer's*  pyrometer  is  made  of  strips  of  steel  and  zinc. 
Kahlt  employed  strips  of  brass  and  steel,  in  the  shape  of 
screws,  measuring  temperatures  up  to  440°  C. 

The  pyrometers  mostly  used  for  measuring  the  tempera- 
ture of  hot  blast  consist  of  strips  of  metal,  which  are 
soldered  together,  wound  up  in  a  spiral  form,  and  fixed  with 
one  end  into  a  box ;  the  other  end  is  connected  with  a 
hand  moving  over  a  dial.  A  change  of  temperature  will 
modify  the  windings  of  the  spiral,  and  thus  move  the  hand, 
causing  the  degree  of  temperature  to  be  indicated  on  the 
dial. 

Clay  pyrometers  were  invented  by  Wedgwood  in  1782 ; 
their  construction  is  based  upon  the  variable  degree  of  con- 
traction which  clay  undergoes  at  high  temperatures.      Clay 

•  Bgwkfd., «!.,  463. 

t  Eksh.,  J.  f.  pr.  Oiem.,  Bd.  67,  p.  401. 
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cylinders  are  exposed  to  the  temperature  to  be  determined, 
and  then  placed  between  two  diverging  bars,  which  are  pro- 
vided with  a  scale  of  240°.  The  stronger  the  clay  cylinders 
are  heated,  the  more  they  will  have  contracted,*  and  the 
deeper  it  may  be  placed  between  the  divei^ng  bars. 

According  to  Wedgwood,  the  zero  of  the  scale  of  his 
pyrometer  corresponds  to  lajy^'  F.  =  580°  C,  and 
each  degree  to  132°  F.  =  73^°  C.  But  other  investiga- 
tors have  held  different  opinions  on  this  point.  Prechtl 
considers  the  zero  to  be  equal  to  1000°  F.  =  538°  C,  Meissner 
to  1044°  F.  =  562'  C,  Naumann  to  1077°  F.  =  580°  C. ; 
according  to  Prechtl  and  Naumann,  1°  Wedgwood  is  equal 
to  i3oJ°  F.,  and  according  to  other  investigators,  to  139°  F.t 

This  pyrometer  was  formerly  in  general  use,  but  since  it 
has  been  proved  that  the  clay  cylinders  contract  in  exaifUy 
the  same  manner  when  exposed  to  a  lower  heat  for  a  longer 
time,  as  they  do  when  exposed  to  a  higher  temperature  for 
a  shorter  time,  they  have,  in  a  greater  or  less  degree,  UMen 
into  disuse. 

Air  pyrometers  were  first  proposed  by  Schmidt  in  1804, 
and  afterwards  improved  by  Petersen  and  Pouillet.  They 
are  formed  of  a  platinum  vessel,  in  connection  with  a  double- 
bent,  narrow,  glass  tube,  the  arms  of  which  are  filled  with 
water,  mercury,  or  sulphuric  acid.  When  the  vessel  is  ex- 
posed to  the  temperature  to  be  ascertained,  the  air  contained 
in  it  will  expand,  and  make  the  fluid  rise  in  the  graduated 
arm  of  the  glass  tube. 

Erman  and  Hertert  in  measuring  the  permanent  expansion 
of  cast-iron  by  means  of  an  air  pyrometer,  closed  the  latter 
with  a  cock  after  the  experiment  was  finished,  and  opened 


e  thennomctric  de^eee  may  be  reduced  to  the  various  acalei  by  the 
following  foimutx,  in  vhich  n  repreients  the  given  number  of  degree* : — 
I.  »  R  =  i  »  C.  4.  II  C  =.  (I  71  +  32)  F. 

a.  »  R  -(I  »  +  31)  F.  5.  1.  F  -  (n-32.  •)  C. 

3.  «  C  =  1  B  R.  6.  »  F  ^  (»  -  ja.  •)  R. 

Example.    How  many  degrees  o(  Fahrenheit    are  30°   C. } — According  to 
formula  4,  30°  C.  =  (J  30  +  3*)  F.  -  WF. 
\  Bgwkfd.,  ui.,  aoe. 
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it  again  under  water  after  the  apparatus  had  become  cold ; 
they  then  made  use  of  the  quantity  by  weight  of  water 
entering  the  apparatus,  for  calculating  the  temperature 
which  the  pyrometer  contained  in  heated  state. 

b.  Pyrometers  Based  upon  the  Fusibility  of  Known 
Alloys.— The  pyrometer  construfted  by  James  Prinsep,*  in 
1S27,  is  based  upon  this  principle,  and  it  was  made  use  of 
by  Plattnerf  for  the  determination  of  the  fusion  points  of 
metallurgical  produdts,  and  also  by  Tunner^  to  determine 
the  temperature  in  different  levels  of  iron  blast  funiaces. 
Alloys  are  produced  from  various  metals,  the  ex&A  fusioa 
points  of  which  are  known.  These  points  may  be  calculated 
from  the  following  formula : — 

X  =  As  +  Bs', 
in  which  x  expresses  the  fusion  point  of  the  alloy,  containing 
ia  one  part  A  parts  of  a  metal  fusible  at  s  degree,  and  B  parts 
of  a  metal  fusible  at  s'  degrees.  When  small  quantities  of 
alloys  of  various  known  fusion  points  are  exposed  on  an  iron 
or  clay  plate  to  higher  temperature  for  a  certain  time,  part 
of  the  alloys  will  melt,  and  others  will  not,  thus  allowing 
the  temperature  to  be  estimated. 

This  pyrometer  is  simple,  of  easy  application,  and  yields 
tolerably  exadt  results. 

Violettejl  applied  a  similar  method  for  the  determination 
of  the  temperatures  at  which  the  carbonisation  of  wood  takes 
place.  He  employed  a  mercury  pyrometer  up  to  350°  C, 
and  for  higher  degrees  small  pieces  of  antimony,  copper, 
silver,  steel,  iron,  and  platinum  ;  the  latter  metal  he  melted 
in  a  furnace  of  special- constru£tion.§ 

These  kinds  of  pyrometer  may  be  also  used  for  ascertaining 
the  temperature  of  hot  blast.^ 


•  Pooo.,  Arm.,  u'v.,  515. 

-f-  PutTTHM,  uber  die  Bcstimmuog  der  Scbmelipunae  mehrerer  Hutten- 
produce  and  der  Hitzgrade,  bei  denen  uch  verechiedeae  Silicate  bildcD. 
BeiUge  (U  Mskbach's  ADwendung  del  erwanntea  GebliMtuft:  Freiberg, 
iSao,  p.  38S. 

X  Leoe.,  Jahrb.,  !x.,  Bd.  i860,  p.  290.    6.  n.  h.  Ztg.,  1S60,  p.  208. 

II  DiHOL.,  Polyt,  Journ.,  Bd.  cxxiii.,  117. 

ilbid.,  cxxvii.,  114.    B.  u.  h.  Ztg.,  1853,  p.  537. 
ScHKBRBR's  Metallurgie,  i.,  490.    Keuer  Scb«uplatz  der  Bergwerktlcunde, 
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The  exactitude  of  these  methods  depends  oq  the  correA 
determination  of  the  fusion  points  of  the  alloys  employed. 
According  to  Kopp,*  the  results  of  Plattnei's  fonnula  are 
incorrect. 

Appolt  Bros.,t  determined  the  fusion  points  of  alloys 
more  corredlly  by  the  following  method  : — ^A  wrought-iron 
plate  weighing  2  kilos.,  and  being  o'2  metre  long,  0*1  metre 
broad,  and  from  15  to  zo  millimetres  thick,  is  provided  with 
one  or  two  semi-spheroidal  depressions,  and  heated  to  such 
B  degree  that,  after  removing  it  from  the  fire,  two  alloys  to 
be  determined  will  fuse  perfeftly  when  placed  in  the  de- 
pressions. The  latter  axe  covered  with  a  piece  of  charcoal 
in  order  to  prevent  oxidation.  At  the  moment  when  the 
grains  of  metal  commence  solidifying,  the  iron  plate  is  im- 
mersed in  a  wooden  vessel,  which  contains  a  measured 
quantity  of  water  (about  12  litres)  of  10°  or  12°  C.  The 
water  is  then  well  stirred  with  the  plate,  the  temperature  of 
the  warmed  water  is  determined,  and  the  iron  plate  weighed. 
The  fusion  point,  T,  may  then  be  calculated  from  the 
formula — 

T  -  JL  (f-0  +  *, 

in  which  P  represents  the  weight  of  the  water  employed, 
c  the  specific  heat  of  iron  in  comparison  to  that  of  water, 
which  is  considered  equal  to  i ;  when,  according  to  Regnault, 
the  specific  heat  of  iron  will  be  =  0*125  >  '>  ^^^  temperature 
of  the  water  before  immersing  the  iron  plate,  f  after  im> 
mersing,  and/  the  weight  of  the  iron  plate. 

If,  for  instance,  P  =  12,000  grammes,  /  »  2000  grammes, 
c  =  0*125,  *  =  10°  C,  and  t  =  32*  C.'it  will  follow: — 
T  -  s^s  t3«-")  +  32  =  io88«  C. 

For  the  purpose  of  measuring  the  temperature  on  the 
walls  of  the  compartments  into  which  their  coke  furnaces 
are  divided,  Messrs.  Appolt  determined,  by  that  method, 
the  fusion  points  of  a  number  of  alloys,  of  which  the 
following  are  some  examples : — 

■  Kopr,  MoilificRtionderMInlereii  EigemcliaA:  Fnokfoit,  1S41. 
t    B.  u.  h.  Ztg.,  iSje,  p.  lej,  No.  ao. 
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I  part  of  tin  with  4  parts  of  copper  =  1050*  C. 
«  1100°  „ 


=  1230   „ 
=  1300°  „ 

These  alloys  are  employed  in  such  a  manner  that  grains 
of  the  si2e  of  a  pea  are  placed  into  hemiBpherical  depressions 
at  the  end  of  an  iron  bar ;  they  are  then  covered  with  an 
iron  plate,  and  the  bar  is  pushed  into  those  places,  the  tem- 
perature of  which  is  to  be  determined.  After  some  time  it 
is  again  removed,  when  some  alloys  will  have  been  fused, 
and  others  not,  thus  showing  the  temperature  of  the  different 
places. 

c.  BleAric  Pyrometer. — This  kind  of  pyrometer  has  been 
sn^^sted  by  Steinfaeil  and  Pouillet,  and  also  by  Becquerel, 
whose  pyrometer  is  described  In  Mitchell's  "  Assaying."  la 
measuringthe  degree  of  temperature,  these  pyrometers  make 
use  of  the  thermo-eleftricity  evolved  by  heating  various 
kinds  of  metals  which  are  in  contact  with  each  other,  or  by 
heating  two  platinum  wires  of  different  diameters;  the 
current  of  thermo-eledtricity  adta  upon  a  magnetic  needle. 
These  pjTometers  are  said  to  give  very  trustworthy  results. 

d.  Hydro-Pyrometers. — These  were  first  employed  by 
Clement- Desormes,*  and  by  Schwarz,t  afterwards  by  Appolt, 
Wilson,  and  Bystnim.  Fabre  du  Faur  used  these  pyro- 
meters for  the  determination  of  the  temperature  of  puddling 
and  re-heating  furnaces  heated  with  gas.t  Wilson's  and 
Bystrom's  apparatus  are  described  in  Mitchell's  "  Assaying." 

The  following  table  shows  the  heating  power  of  fuel,  and 
the  degrees  of  temperature  of  various  metals  and  metal- 
lurgical produAs  for  fusion,  &c. 


AbulnM  Sneelflc 

Rgatint-ponr.    UtMiiag-fom 

Tin  fuses —                —  aaz's— 267 

Bismuth  fiises  ....         —                —  241 — 365 

Lead  fuses    .    .    ■    .    .         —                —  322 — 334 

2inc  fuses —                —  411 

*  DiNOL.,  Polyt.  Joarn.,  Bd.  zuiil.,  145. 

f  PoQO.,  Ann.,  ziv.,  330. 

;  OMtm.  ZtKibr.,  1859,  p.  148. 
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PyninetTic 

AbMlola  Sp«iBe       -r^™i™f« 

HcMlac-power.    HcUing-power.      g^^  ^c. 


Antimony  fuses.     ...         —  —  S'* 

Commencing  red  heat.    .         —  —  5^5 

Dark  red  heat    ...     .         —  —  700 
Commencing    cherry-red 

heat —  —  800 

Strong  cherry-red  heat    .         —  —  90° 

Red  litharge  fuses ...         —  —  954 

Full  cherry-red  heat   .     .          —  —  ^°°° 

Copper  matt  fuses ...         —  —  1002 

Silver  fuses —  —  '°23 

Lead  matt  fuses     ...          —  ~  ^°^7 

Black  copper  fuses     .     .          —  —  ^027 

Raw  matt  fuses.     ...          —  —  ^^7 

Lead  speiss  fuses  ...         —  —  ^™2 

Dark  yellow  heat  ...         —  —  1^0° 

Gold  fuses    .    .     ;     .    .         —  —  1102 

Copper  fuses —  ^^73 

Light  glowing  ....         —  —  ^^°° 

Whiteheat        ....         -  -  '300 
Lead  and  lead  matt  slag 

fuse -  -  1317-1300 

Raw  slag  fuses .     ...          —  —  1330-1360 

Black  copper  slag  fuses .          —  ^345 
Iron  blast  furnaces  cinder 

fuses -  -  i39t^X43'> 

Strong  white  heat ...         —  —  ^'*'*°o. 

Gaseous  fuel o'oS—      o-oooi— 1450— 1850 

0-205       0-OOOZ7 

Bright  white  heat  .    .    .         -  -  1500-1600 

Cast-iron -  -  1500-1700 

Wood 0-36— 0'47  0'i4— 028  1575— 1750 

Turf O-37-0-65  —  1575—2000 

Steel  fuses ~  -  ^^oo-igoo 

Brown  coal o-43-o-85         "  1800-2200 

Wrought-iron  fuses    .     .           —  —  1900— 2100 
Mineral  coal  containing 
5  per  cent  of  hygro- 
scopic    moisture    and 
5  per  cent  of  ash    .     .  0-79— 0-96  ro6—ri4  2200— 235° 

Turf^al 0-33-0-85  -  2050-2350 

Charcoal 0-64— o-g?  o-io-o'ao  2100—2450 

Coke  containingnot  more 

than  5  per  cent  of  ash  0-84— 0-97  0-33— 0-46  2350—2450 

Platinum  fuses.    ...         —  —  2534 
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The  temperature  of  the  charcoal  iron  blast  furnace  at 
Wasseralfingen  was  determined  to  be  2774°  C,  that  of  the 
puddling  furnace,  heated  with  gas,  2692°  C,  and  that  of 
the  re-heating  furnace,  heated  with  gas,  3100°  C. 

The  temperature  of  a  porcelain  furnace,  when  melting  the 
glaze,  is,  according  to  Eisner,  about  2000°  C. 

I.  COMPACT  FUEL. 

A.  Wood.* 

1.  Wood  is  composed  of  fibrous  matter,  which  constitutes 

the  vascular  system  of  the  wood,  and  amounts  to  about 

96  per  cent  of  perfeAly  dry  wood.      The  fibrous  matter  of 

all  kinds  of  wood  has  always  the  same  composition : — 

S 52-65 

H 525 

O 42'io 

or  nearly  equal  parts  of  carbon  and  water. 

According  to  Violette,  the  components  are  not  uniformly 
distributed  in  one  and  the  same  tree  ;  the  fibres  of  the  roots 
and  leaves  contain  5  per  cent  less  carbon  than  the  wood  of 
the  trunk ;  on  the  other  hand,  the  bark  of  the  branches  and 
roots  contains  5  per  cent  more  carbon  than  that  of  the  trunk 
or  body.  The  real  wood  in  trunk,  branches,  and  roots  is 
of  the  same  composition.  A  different  arrangement  of  the 
wood  fibre  modifies  the  weight,  inflammability,  heating 
power,  &c.,  of  the  wood.  According  to  the  state  of  porosity, 
on  which  the  specific  weightt  depends,  the  different  kinds 
of  wood  are  classified  as  hard,  half-hard,  and  soft  wood. 
The  hard  wood  comprises  oak,  red  beech,  white  beech,  birch, 
elm,  box,  nut,  plum,  pear,  chesnut,  ash,  juniper,  and  comet 
trees  ;  the  half-hard  kinds  of  wood  are  maple,  acacia,  service 
tree  {Sorbus  aucuparia),  apple,  alder,  mulberry,  horse-chesnut, 
larch-fir,  and  Scotch-fir ;  the  soft  kinds  of  wood  are  fir, 
silver-leaved  fir,  (Pinus  abies),  pine  wood,  lime,  aspen,  poplar, 

*  Klein,  Beitrige  zur  Physilc.  Technol.  KeDntoisB  dtt  HolzM,  1838. 

t  Karhabsch  in  Erdm.  J.  f.  pt,  Chem.,  ii.  207  ;  vii.,  45.  Dihol.,  Polyt. 
Joum.,  X.,  78.  Knoblauch,  uber  den  ZusammenhaDg  zwischen  den  pbyiik., 
EigenschaficD  and  dcD  StniaurverhBllniBten  des  Holiei.  Polyt.  Centr.,  1659, 
N0.5,  p.  311. 
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and  willow.  Most  kinds  of  wood  have  less  specific  gravity 
than  water,  although,  on  the  other  hand,  the  specific  gravity 
of  the  compaift  parts  of  wood  is  greater  by  nearly  one-half. 
The  specific  gravity  of  the  fibres  of  wood  is  r$. 

The  hard  kinds  of  wood  bum  with  flame  for  some  time  on 
the  surface  only,  whilst  the  interior  mass  ofthe  wood  under- 
goes the  process  of  carbonisation.  As  soon  as  the  carboni- 
sation  is  completed  the  flame  disappears,  and  the  remaining 
compaA  charcoal  burns  without  flame,  forming  carbonic 
acid.  Soft  wood  produces  Same  during  the  whole  period  of 
combustion,  and  but  little  coal  remains.  The  resinous  kinds 
of  fir  wood  yield  the  longest  flame.  The  application  of  the 
different  kinds  of  wood  to  various  purposes  is  based  upon  this 
behaviour,  according  to  whether  a  flaming  or  glowing  fire  is 
required.  The  inflammability  of  beech  wood  can  only  be 
raised  by  a  much  longer  preparation,  which  consists  in  drying 
it  in  kilns  to  that  degree  which  resinous  fir  wood  possesses 
when  only  part  of  its  hygroscopic  water  has  been  removed ; 
it  was  considered  impra^cable  to  use  beech  wood  in  puddling 
and  re-heating  furnaces,  before  the  use  of  gaseous  fuel  was 
introduced. 

2.  Wood  contains  sap  or  juice  of  variable  compo- 
sition, to  the  amount  of  about  4  per  cent  in  air-dried  wood. 
The  different  nature  of  wood  (pine  wood  and  leaved  wood) 
is  partly  dependent  on  the  organic  components. 

The  inorganic  substances  in  wood,  on  combustion,  form 
ash  ;*  these  substances  are  soluble  carbonates,  sulphates, 
and  chlorides,  and  a  small  quantity  of  alkaline  silicates  and 
phosphates,  as  well  aa  lime,  magnesia,  peroxide  of  iron,  and 
peroxide  of  manganese,  combined  with  carbonic  acid,  phos- 
phoric acid,  silica,  and  sulphuric  acid,  thus  forming  salts 
which  are  insoluble  in  water.  The  soluble  components  of 
the  ash  are  contained  in  the  smallest  quantity  in  the  body 


■  Spkbiiobl,  Gb«r  die  hocrfecten  BetUndtbeile  dea  Holzea.  ScHwiio- 
Sbidbi.,  Jonrn.  L,  1S3.  Ekdm.,  Journ.,  f.  5k.  Cfaem,  zUi.,  383.  FKBSBHins 
Mid  Wiu;,  fiber  dca  Atchengebalt  der  VcBetabiUen,  Phjum.  Centr.,  1844, 
p.  433.  BsBTuiBB,  UntemichnDg  der  Aiche  vod  venchiedenen  HoluiUD  in 
Kakbt.  Archti  I  R.,  liv.,  419.    BasTHiBK,  Met.  Antdyt.  Chem.,  i.,  136. 
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of  the  tree,  and  they  increase  in  the  younger  parts  of  the 
tree  to  sach  a  degree  that  the  fruit  contains  nearly  eight 
times  as  lai^  a  proportion  as  the  body. 

The  amount  of  ash  in  wood  varies  between  0*2  and 
5  per  cent,  according  to  the  kind  of  wood,  and  the  nature 
of  the  ground  upon  which  the  tree  is  grown ;  it  usually 
amounts  to  i  per  cent.  According  to  Chevandier,'  wood  of 
young  trees  yields,  on  an  average,  1*23  per  cent  of  ash,  the 
wood  of  the  body  of  the  tree  z'34  per  cent,  that  of  the 
branches  1*54  per  cent,  and  that  of  the  twigs  2*27  per 
cent. 

According  to  Karsten,  Berthier,  and  Chevandier,  pine 
wood  yields  from  0*15  to  0*83  per  cent  of  ash ;  fir  from 
0*15  to  1*24  per  cent ;  oak  fix)m  0*15  to  2*5 ;  and  beech 
from  0*4  to  o'86  per  cent.  The  juice  plays  a  part  in  the 
combustion,  and  especially  influences  the  inflammability; 
for  this  reason  floated  wood  loses  in  quality.  According  to 
Wemeck,  i  cubic  foot  of  wood,  on  floating,  loses  as  much 
as  I  lb.,  which,  however,  is  doubtful.t  Experiments  made 
in  the  Lower  Hartz  in  1853,  showed  that  fir  sixty  years  old, 
which  had  floated  forthree  and  a  half  weeks  after  it  had  been 
hewn  down  four  months,  lost  6*25  per  cent  in  volume,  and 
x'o8  per  cent  further  on  being  dried  again  in  the  open  air. 
A  quantity  of  4ood,  amounting  to  1478I-  lbs.,  lost,  in  the 
operation  of  floating  and  diying  again,  22*8  per  cent  of  its 
weight.  On  the  other  hand,  wood  which  had  not  been 
floated  lost  nothing  in  volume,  and  17*5  per  cent  in  weight, 
on  being  made  air  dry.  1478^  lbs.  of  floated  wood  evapo- 
rated 2910  lbs.  of  water,  or  i  lb.  of  such  wood  evaporated 
l'969  lbs.  of  water;  and  1478^  lbs.  of  wood  that  had  not 
been  floated,  evaporated  3194  lbs.  of  water,  that  is  i  lb. 
evaporated  2*169  lbs.  of  water;  100  lbs.  of  floated  wood  are 
therefore  equal,  in  efl'eA,  to  9077  lbs.  of  wood  that  has  not 
been  floated,  or,  in  other  words,  the  wood  lost  by  the  opera- 
tion of  floating  mechanically  and  by  lixiviation  9-33  per  cent 
of  its  heating  power.    In  dry  air,  as  well  as  in  water,  wood 

'  LiiBta'a  Jahresbericfat,  1S47-48,  p.  logS. 
t  DuML.,  Po^  Joun.,  cxT.,  135. 
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may  be  preserved  for  a  long  time,  but  it  gradually  becomes 
decomposed  by  combining  with  oxygen,  and  by  emitting 
carbonic  acid,  if  it  is  alternately  exposed  to  the  influence  of 
air,  water,  and  light. 

3-  Wood  always  contains  hygroscopic  water,*  which,  in 
fi:%shly  hewn  wood,  amounts  to  from  20  to  50  per  cent,  and, 
in  perfectly  air-dried  wood,  to  from  18  to  20  per  cent.  The 
hard  kinds  of  wood,  in  the  autumn  and  winter  seasons  con- 
tain, on  an  average,  35  per  cent  of  water,  and  the  soft  kinds 
45  per  cent ;  both  kinds  contain  5  per  cent  more  in  the  spring 
and  summer.  Common  fire-wood,  on  being  dried  in  the  air, 
still  contains  from  20  to  25  per  cent  of  water.  The  wood, 
before  being  used,  is  usually  dried  in  the  air  for  one  or  two 
years,  when  it  may  be  used  for  those  metallurgical  processes 
which  do  not  require  a  temperature  above  1000  or  1600°  C. 
If  the  production  of  a  higher  temperature  (from  1700  to 
1900°  C.)  is  intended,  the  wood  requires  to  be  dried  artifi- 
cially.  This  may  be  effected  either  by  storing  the  wood  in 
the  neighbourhood  of  furnaces,  on  their  roofs,  or  on  scaffolds 
ere(5ted  above  the  furnaces  for  the  purpose,  or  special  drying 
apparatus  may  be  employed,  which,  if  possible,  are 
heated  to  about  100°  C.  by  means  of  the  waste  gases  of 
other  fire-places.t  Strongly  dried  wood  re^absorbs  in  one 
year  from  8  to  10  per  cent  of  water.  • 

Composition  of  Wood. — The  composition  of  air-dried 
wood  may  be  considered  to  be  from  18  to  20  per  cent  of  hy- 
groscopic water,  and  80  to  82  per  cent  of  woody  substance ; 
or,  as  the  latter  contains  one-half  by  weight  of  carbon  and  the 
other  half  of  oxygen    and    hydrogen  in    the    proportion 

*  ScHUBLCK  nnd  NmcppmK  in  Brom's  Journ.  f.  01c.  a.  tcchn.  Chem.,  vii.,  35, 
CHBVAKTiBm,  Polyt.  Centr.,  1S47,  p.  293. 

■I-  Ekdh.,  J.  f.  ok.  techn.  Chem.,  :cvi.,  375.  Ebdh.,  J.  f.  pr.  Chem.,  xzlv., 
ti6.  Kakst.,  Arch.,  i  R.,  iii.,  139,  iSg ;  xvi.,  335.  Bgwkfd.,  iii.,  37,  iii ;  it., 
81,485;  xii.,  639.  B,  D.  h.  Ztg.,  1S43,  pp.  5S,  444.  TuNNsa's  J>hrb.,  iii., 
407.  Ann.  d.  min.,  Iii.  itr.,  torn,  ix.,  449 ;  xiii.,  317;  xviii.,  647.  Harth., 
Qber  d.  Betiieb  der  Hohofeo  mit  erhititer  LufL,  4  Hft.,  p.  76,  Taf.  3—5.  Neuer 
Schauplilz  der  Bergwerktkunde,  xiv.,  34,  TaT.  i,  Figi.  4—10.  Lb  Plav, 
Gmndtitze,  welche  die  Eiaenb&ttenwerlte  mit  HoliJiohlen  nnd  die  Wald- 
bciiuer  befUgen  miiuea,  lun  den  KAraprgegcQ  die  Hutien  mit  Steinkolileii- 
bettieb  eriblgrelch  lu  bettchen,  deutch.  V.  Harth.  ;  Freiberg,  1S54,  p.  173. 
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required  for  the  formation  of  water,  wood  is  composed  of 
40  per  cent  of  carbon,  ash  included,  40  per  cent  of  chemically 
combined  water,  and  20  per  cent  of  hygroscopic  water.  On 
heating  wood  up  to  120°  C,  the  hygroscopic  water  will 
escape,  and  dried  wood  remains,  containing  50  per  cent  of 
carbon,  inclusive  of  i  per  cent  of  ash  and  50  per  cent  of 
chemically  combined  water. 

According  to  Schodler  and  Peterson,  different  kinds  of 
wood,  being  finely  rasped  and  dried  at  100°  C,  showed  the 
following  composition : — 

Required  for  Bxceu 
the  Fonnadon      of 
of  Water. 
C.  H.  O.  H.  H. 

Beech  ....  48*53    6-30    45"i7        5'64        o"66 

Birch    ....  48*60     6"37     45*02         5*63         o'64 

Fir 49*95    6-41    43*65        5*46        095 

Pine     ....  49*59    6*38    44*oa        5*50        o*88 
Scotch  fir  {Pinvs 

sylvestris)     .     .  49*94     6*25     43*81         5*48         0*77 

Heating  Power  of  Wood. — The  heating  power*  and 
specific  gravity  of  various  kinds  of  wood  are  shown  in  the  fol- 
lowing table : — 

I  pin  bf  I  put  b7         Sp«iGc 

weight  oT  w<i|hl  or        OnvHv 

HutlBE  Power.           Wood  RdDced  Wood  huti        of  tbc 

C>^T.                            Ltad  Waltrtnm     Air-dried 

, ■ . — .       (C-J4).  0°  op  to           Wood. 

Ab*aL    Specif.  Pynm.  loo'C. 
Air-dried  woi>d  con- 
taiolng  ao  perccDt 
hj'groacopic  moia- 

.*^r...--  ■•,.■;  ^•a*  —  '575'C.  -  35  — 
Artincially   -    dried 

wood    containing 

10  per  cent  of  hjr- 

sToacoptc  water. ,  0*41  —  1675°  C.       —  —              — 

KuD-driM  wood    . .  0*47  —  1750°  C,        —  —               — 

WUtebeecb  ..     ..  —  o-a8  —  irs*  31  O'tto 

Holm  oak      . .     . .  —  o-a6  —  14-0]  34 — 30  o'7oS 

Aih —  0-24  —  14-50  30—35  0670 

Huite     —  o-a3  —  14-16  36  0-643 

Red  beech      . .     . .  —  0-34  —  14-00  33—3*  osqi 

Scotch  fir       . .     . .  —  o'iio  —  i3'»7  —  0*550 

Willow —  O'lg  —  13-10  —  0-487 

Pine —  o-ig  —  13-38  38—37  o-47a 

Lino —  o-l8  —  14-48  3*~¥>  0'439 

Black  poplar  . .     . .  —  0*14  —  13-04  34—37  0-387 

Birch       —  0-33  —  14-08  —  0-627 

Fir ~  o-lg  —  13-86  —  0*481 

*  Pitot's  Ertnittelangen  in  Berth,  metal,  anal.  Chem.,  deatch  v.  Hasth. 
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This  table  shows  that  the  absolute  heating  power  of  the 
various  kinds  of  wood  stands  nearly  on  an  equality ;  the 
specific  heating  power  of  those  kinds  of  wood  that  contain 
an  equal  amount  of  water  stands,  therefore,  in  the  same  pro- 
portion as  their  specific  gravities.  The  absolute  heating 
power  of  different  sorts  of  air-dried  wood  may  be  considered 
equal  to  I3'95  parts  in  weight  of  lead,  or  to  3200  caloric 
units,  or  to  0*41  per  cent  of  pure  carbon. 

Value  of  Wood.— As  wood  in  most  cases  is  bought  by 
volume,  its  specific  gravity  immediately  indicates  the  relative 
value*  of  it,  when  the  size  and  shape  of  the  pieces  and  the 
manner  in  which  they  are  piled  up  into  heaps  is  taken  into 
consideration.  The  weight  of  a  certain  volume,  under  equal 
circumstances,  is  the  greater  the  thicker  the  pieces  of  wood 
are,  and  the  h^her  their  specific  gravity.  In  buying  wood, 
the  interstices  between  the  pieces  have,  therefore,  to  be  taken 
into  consideration,  the  amount  of  which  usually  stands  in  a 
fixed  proportion  to  the  total  volume  of  the  heap.  Knapp, . 
for  instance,  calculates  that  a  heap  of  wood  6  feet  long  and 
6  feet  high  contains  one-fifth  of  its  volume  of  emp^  inter- 
stices. Fire-wood  made  of  the  stumps  and  roots  contains 
twice  as  many  interstices  as  log-wood  (fire-wood  in  laige 
pieces),  and  billet  wood  four  times  as  many.  100  cubic  feet 
of  wood  contain  70  of  log-wood,  60  of  billet  wood,  50  of  wood 
made  of  stumps  and  roots,  and  25  of  brush-wood.  According 
to  I/andet,  the  interstices  amount  to  one-eighth,  one-sixth, 
and  even  to  one-fifth  of  the  total  volume.  Marcus  bull 
asserts  that  a  heap  of  wood  contains  only  56  per  cent  of 
compaA  wood,  while  Karmarsch  declares  the  amount  to  be 
two-thirds.  In  some  Austrian  salt  works  108  cubic  feet  of 
piled-up  beech  wood  are  estimated  to  contain  78*15  cubic 
feet  of  solid  wood  (i  Austrian  cubic  foot  equal  to  37*69  Aus- 
trian lbs.),  and  loS  cubic  feet  of  fire-wood  in  large  pieces 
flog-wood)  77*41  cubic  feet  (i  cubic  foot  equal  to  26*41  lbs.) 
At  the  Upper  Hartz,  it  has  been  ascertained  that  80  cubic 
feet  of  piled-up  fire-wood  contained  50  cubic  feet  of  solid 

*  Erdh.  Jonrn.  f.  pr.  Cbem.,  viii.,  311 ;  Kvii.,  63.  Folyt.  Centr.,  1851,  p. 
1430 ;  1854,  p.  530.  Haktiq,  Brennwertb  venchiedeiMr  Holi-  and  TorCutra 
Braunidiweig,  1833.    Oaterr.  Zuchr.,  1857,  p.  66. 
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wood,  and  So  cubic  feet  ofpiled-up  wood  of  leaf-bearing  trees 
in  larger  pieces  48  cubic  feet.  One  Hanoverian  cubic  foot  of 
air-dried  fir-wood  weighs,  on  an  average,  26  lbs.,  or  13  kilos. 
Properties  of  Wood.^Wood  is  superior  to  most  kinds  of 
mineral  fuel,  on  account  of  its  uniform  composition  and  its 
small  amount  (^  per  cent)  of  mineral  admixtures,  and  these 
even  are  not  injurious;  wood,  therefore,  as  well  as  charcoal,  is 
greatly  to  be  preferred  for  application  to  iron  blast  furnaces. 
Green  wood,  on  the  other  hand,  has  great  disadvantages ;  its 
woody  substance  produces  a  lower  temperature  than  mineral 
fuel,  although  the  latter  is  rendered  impure  by  the  presence 
of  a  lai^e  proportion  of  earthy  admixtures  ;  besides,  the  hy- 
groscopic water  contained  in  wood  causes  the  quantity  of 
heat  produced  to  be  non-uniform.  In  order  to  obtain  the 
full  effedt  of  wood,  it  is  requisite  to  remove  its  hygroscopic 
water  by  drying  in  the  open  air  (page  297),  or  by  artificially 
drying  (page  304). 

'It  is  best  to  fell  wood  in  the  month  of  March,  and  to  keep 
it  piled  up  in  the  open  air  or  under  airy  sheds  for  a  long 
time,  to  prevent  it  from  becoming  mouldy.  Good  wood  must 
be  sound,  full  grown,  and  not  decayed  from  age,  nor  damaged 
by  caterpillars,  nor  worm-eaten. 

Application  of  Wood. — Wood,  in  more  or  less  thin 
branches,  or  in  large  pieces  is  frequently  employed  in 
roasting  processes  and  in  reverberatory  furnaces,  such  as 
puddling  and  cupelling  furnaces,  but  not  often  in  blast  fur- 
naces (in  iron  blast  furnaces,*  for  instance),  or  in  the  Ameri* 
can  lead  hearth.l  Wood,  chiefly  waste,  pine  nuts,  twigs, 
&c.,  is  also  used  for  the  production  of  combustible  gases.]; 
Fine  nuts  are  sometimes  direiftly  employed  in  the  roasting 
of  iron  ore,  or  they  are  used  together  with  charcoal  in  blast 
furnace  processes. 

*  Brdh.,  J.  f.  Ok.  n.  techn.  Chem.,  xil-.  337;  xiv.,416;  xvi.,  375  ;  xvii.,471, 
EitDM.,  J.  r.  pT.  Cbem.,  ii.,  337;  vi.,  331.  Dinol.,  P0I7I.  Joum.Jxi.,  48o;Ixiv., 
13J,  397;  Ixviii.,  441 ;  \xix.,  143;  Ixxxviii.,  364;  ic,  38.  Bgwkfd.,  j.,  356;  ii., 
joi;  iv.,485;  v.,  i93;viii.,  375-  KARST.,Arch.,  3  R,,  xii.,4i>B;  zxv.,  zGi.  B.  a.  h. 
Ztg..  1843,  p.  334 ;  1843,  pp.  441,  S4S ;  185a,  p.  481' ;  1835,  pp.  153,  170 ;  1839, 
pp.  383, 440.  Tvhner's  Jfthrb.,  1634,  p.  310.   Oeaterr.  Ztschr.,  1853,  pp.  63, 197, 

t  B.  n.  h.  Ztg.,  lis*,  P'  as- 

t  Ibid.,  1849,  No.  6 ;  1831,  p.  469 ;  1852,  p.  610. 
VOL.  III.  2  A 
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PraAlcal  Experiences. — In  the  use  of  wood  the  following 
praAical  results  have  been  obtained : — 

1.  The  Polytechnic  Society  of  Hesse  has  determined  that, 
in  heating  boilers,  one  pound  of  beech  wood  hewn  two  years 
previously  will  evaporate  z"o75  lbs.  of  water  of  o°.  Ac- 
cording to  Berthier,  good  fire-wood  by  theory  ought  to  eva- 
porate 4J  or  5  lbs.  of  water  of  tf" ;  in  praiftice,  however,  in 
salt  works,  for  instance,  only  2^  or  3  lbs.,  or,  at  the  very 
highest,  3i-  lbs.,  are  evaporated.  In  the  salt  works  of  the 
Lower  Hatt2,  i  lb.  of  wood  evaporates  from  2*495  to  £'838  lbs. 
of  water.  According  to  Karaten,  in  making  salt,  1*6  parts 
by  weight  of  wood  have  the  same  effect  as  i  part  of  mineral 
coal  or  3-5  parts  of  turf,  and  i  part  by  volume  of  coal  has  an 
equal  effe^  with  4  parts  of  wood  or  turf;  in  the  produ£lion 
of  higher  temperatures,  in  reverberatory  fumaces,for  instance, 
z  part  by  weight  of  £oaI  replaces  2*6  parts  of  wood,  and 
I  volume  of  coal  7  volumes  of  wood.  One  part  by  weight  of 
wood  evaporates  3  or  3!-  parts  by  weight  of  water  at  the 
common  temperature  of  the  air,  supposing  the  fire-place  to 
be  judiciously  constnifled. 

2.  In  the  salt  works  at  Artem,  it  was  determined  that,  in 
the  process  of  seething,  i  klafter  of  oak  wood,  equal  to  loS 
cubic  feet,  had  the  same  effeA  as — 

i'04599  klafter  of  half  oak  and  half  fir-wood. 

1*12469        „        floated  wood. 

1*14949        »        fir-wood. 

8"49839  three  score  bundles  of  brush-wood,  30*625  cubic  feet 

each. 
3*49839  tons  (Pruss.)   mineral  coal  of  Lobejiine,  12,288 

cubic  inches  each. 
4*19996  tons  (Pruss.)  mineral  coal  of  Wettin,  12,288  cubic 

inches  each. 
13*73767  tons  (Pruss.)  brown  coal  of  Riestadt  in  lumps. 
18*73799      M      ^'y  '•       Voigtstadt     „ 

18*96319      „      mixed       „  „  „ 

19*01323      „      common  „  „  „ 

3.  According  to  Karmarsch,*  1000  cubic  feet  of  pine  wood 
have  the  same  effeA  as  650  beech,  6S0  birch,  and  900  alder ; 

*  Mtttheilangeii  det  Oew.  Ver.  I.  d.  E&Digr.  Hanover,  1835,  p.  314;  i8S3> 
pp-  313,  377. 
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or  I  klafter  of  pine  wood  of  2600  lbs.  in  weight,  and  144  cubic 
feet  ID  size,  which,  after  deducting  one-third  of  supposed  in< 
terstices,  contains  100  cubic  feet  of  solid  wood,  will  have  the 
same  effedt  as  two-thirds  klafter  of  beech  or  birch,  or  seven- 
eighths  klafter  of  fir  and  one  klafter  of  alder ;  i  lb.  of  wood 
evaporates,  on  an  average,  3"5356  lbs.  of  water. 

4.  According  to  Landet,*  the  value  of  fuel  bought  by 
volume  corresponds  to  the  product  of  the  absolute  heating 
power  of  fuel  into  the  weight  of  a  certain  volume. 

These  two  faiftors  have  the  following  value  with  various 
kinds  of  fuel : — 

AbHlute  Waiiht  ol 

Holm  oak  (wood  in  laig«  pieces,   or 

logs) rcMDoo  380 

Red  beech  (logs) 9941  380 

Oak,  both  varieties  in  mixture  (logs)  .     .  9763  371 

White  beech  (logs) 9490  370 

Oak  (logs) .  9448  359 

White  beech  (pieces  and  stumps  in  mix- 
ture    939a  338 

Birch  (logs) 9260  381 

Birch  (piecesand  stumps,&c.,  in  mixture)  9224  332 

Birch  (stumps)      . 8836  318 

Pine  (stumps)    . 8587  312 

Oak  (both  varieties  in  mixture)     .     .    .  8342  317 

Red  beech  (stumps) 8214  314 

Alder  (log-wood)    ; 8127  293 

Alder  (pieces  and  stumps  in  mixture)    .  8070  291 

White  beech  (stumps) 8030  313 

Red  beech  (branches) 7953  304 

Pine  (branches) 7898  287 

Alder  (stumps) 7849  283 

Pine  (stumps) 7808  283 

Pine  (branches) 7752  281 

White  beech  (branches) 7644  298 

Pine  (logs) 7624  377 

Willow  (pieces  and  stumps  in  mixture)  7384  285 

Birch  (branches) 7473  269 

Willow  (branches) 7344  276 

Aspen  (pieces  and  stumps) 7290  273 

Oak  (both  varieties  in  mixture)    .     .    .  7288  277 

•  Polyt  Centr.,  1854,  p.  531. 
2  A  2 
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Pine  (logs) 7064    '        256 

Charcoal 7000  —    ' 

Turf  dried  at  100°  C 4800  — 

Turf  containing  20  per  cent  of  water     .  3600  — 

Turf  charcoal 5800  — 

Mineral  coal  of  medium  quality  .     .     .  7500  — 
»        »            ■)            M  containing 

13  per  cent  of  ash 6000  — 

Wood  dried  at  100°  C 3600  — 

In  pradlice,  the  effetft  of  wood  is  not  always  proportionate 
with  its  heating  power ;  as,  for  instance,  on  heating  a  boiler 
for  the  evaporation  of  the  water  contained  in  it,  those  kinds 
of  wood  will  be  most  advantageous  that  produce  the  most 
flame. 

With  regard  to  this  property,  the  various  kinds  of  wood 
stand  in  the  following  order : — 

Mulberry 100 

Fir 89 

Red  beech  and  ash    .    .  -  .     .     .     .     .     .    87 

White  beech 85 

Lote 82 

Holm  oak 75 

Larch  and  elm 72 

Oak 70 

Birch 68 

Pine 63 

Acacia 59 

Lime 55 

Aspen 51 

Alder. 46 

Willow ■ 40 

Italian  poplar •     ■    ■     •    39 

Based  upon  these  figures,  the  value  of  the  various  kinds 
of  fuel  may  be  determined,  as  is  shown  in  the  following 
example : — 

What  is  the  value  of  red  beech  wood  (branches)  if  the 
price  of  I  cubic  metre  of  oak  wood  amounts  to  7  francs  ? 

As  the  ratio  of  tlje  heating  power  of  oak  is  9448,  and 
that  of  red  beech  7953,  and  as  the  weights  of  i  cubic 
metre  of  both  kinds  of  wood  are  359  and  304  rcspedtiveiy. 
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the  value  of  both  kinds  of  wood  itand  in  the  following 
proporticn : — 

9448  X  359  :  7953  X  304  =  3391832  :  2427712, 
and  I  cuDic  metre  of  beech  wood  will  therefore  have  the 
value  of 

'Wyj'Z  =  5  francs  i  cent. 

5.  According  to  Petot,*  experience  has  determined  that,  on 
burning  good  dry  wood  and  all  the  gases  produced  from  it, 
a  temperature  of  1683°  C.  is  produced  if  all  the  oxygen  of  the 
air  of  combustion  is  absorbed,  and  that  a  temperature  of 
960°  C.  results  if  only  half  of  the  oxygen  is  consumed ; 
freshly  hewn  wood,  under  equal  circumstances,  yields  tem< 
peratures  of  1337°  C.  and  820*  C.  respectively ;  and  wood  that 
has  been  dried  in  the  air  for  twelve  months  yields  tempera- 
tures of  1534'  C.  and  909°  C.  respedlively. 

According  to  Scheerer,  air-dried  wood,  on  combustion,  pro- 
duces a  temperature  of  1750°  C.  at  the  very  highest,  whilst 
the  pyrometric  heating  power  of  kiln-dried  wood,  which  is 
cut  into  small  pieces,  amounts  to  from  1850  to  1950°  C.  Le 
Play  states  that  pure  woody  substance  yields  a  temperature 
of  1700°  C,  wood  containing  40  per  cent  of  water  a  tem- 
perature of  1380°  C,  and  wood  containing  82  per  cent  of 
water  a  temperature  of  1120°  C. 

6.  The  power  of  radiation  varies  In  wood,  according  to 
whether  a  lar;ger  or  smaller  quantity  of  wood  ia  present. 
The  radiant  heat,  with  small  pieces,  amounts  to  the  almost 
constant  proportion  of  one-third  of  the  quantity  of  heat 
which  is  carried  away  by  the  escaping  gases,  and  to  a  quarter 
of  the  total  quantity  of  heat  produced ;  with  charcoal  and 
mineral  coal  the  radiant  heat  amounts  to  half,  and  with 
turf  and  turf  charcoal  to  five-twelfths. 

7.  Brix,  by  his  very  exac^  experiments,t  has  ascertained 
that  the  various  kinds  of  wood  evaporate  the  following 


I,  met.  Analyt.  Cb«ra.,  J.,  340. 


t  Bkix.  UnterauchuDgen  Qber  di«  Heizkraft  der  wichligiten  Brennstofle  del 
FreuM.  StMtei :  BetliD,  1853.  Mittheil.  des  Gew.  Ver.  fur  daa  Kdnigreich, 
Hanover,  1853,  p.  107.     BergBeJM,  Nos.  15,  68,  de  1S59. 
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quantities  of  water  ;  the  experiments  were  made  on  a  large 
scale,  and  well  construiJled  fire-places  were  employed  i — 


W»MI. 


Gtmu         DrjF  In  lb*. 


from  BlPto 

itirid.  nutnliU. 

per  cert,  per  smX.  par  mM.  Green  wood.    Dried  wood, 

Old  fir-wood  ..             i&i      i'93  '  a-ag  2650  4-13  j'li 

Voung 19-3     173  ri5  3500  3-6a  477 

„    diy     ..     15-6      0-46  0-5J  ajoo  3-69  4-55 

AMw      >47     «-9S  >■"  »»S  3M  467 

Birch      12-3     i-oo  i'i4  arSo  37»  4'39 

0«k 1B7      1-13  1-39  3"3  3'34  4*o 

Red  beech,  old    ..    31-3     i'43  i'84  310O  3'39  4'63 

.   „      „        young      14-3      1-39  i6a  31DO  3-49  4*5 

Whitebeech..      ..     is's      317  a-48  3100  3-63  4-18 

We  have  before  observed  that  the  quantity  of  ash  is  not 
uniform  throughout  the  whole,  or  in  all  parts  of  a  tree,  and 
it  appears  that  in  old  trees  of  the  same  kind  the  quantity  of 
ashes  is  latter  than  in  saplings.  The  following  table  refers 
to  kiln -dried  wood  :* — 

Age.  Kind  of  Wood.  Pan  of  the  Qauitity  of  Aah 

Tree.  per  cenL 

120  years  oak  trunk  2*43 

,1  t,  „  branch  2*03 

70  „  „              „  a'lo 

30  ..  ..              ..  i'45 

70  „  beech  trunk  o'86 

120  „  „  branch  1-93 

75  »  »              »  170 

zo  „  „  „  (veryyoung)  1*50 

As  not  only  the  quantity  of  ash,  but  its  chemical  com- 
position, has  a  bearing  on  metallurgical  operations,  we  insert 
two  tables,  one  of  which  points  out  the  most  characteristic 
qualities,  and  the  other  shows  the  amount  of  potash  present 
in  the  ash  of  various  kinds  of  wood  and  plants ; — 

Beech  (charcoal)  3*3  6-8  64'i  42-6  7 

Oak      ....  2-5  4  67-6  54-8  6 

Pine  (charcoal) .  10*24  °            ^3  4^*3  10*5 

Wheat  straw     ,  4*4  11            50  5*8  — 


'  Ovkkuahk'*  Treatiie  on  Metallurgy :  New  York,  1863,  p.  338. 
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1000  Putt  of  CoBbdn  Fotuii. 

Fine  wood 0*45   * 

Poplar,, .       075 

Beech  „        1*45 

Oak     „        1-53 

Willow,,        a-85 

Maple  „        3-90 

Wheat  straw. 3"90 

Barley 5*8o 

Cornstalk I7'50 

Wormwood 73"oo 

8.  Grobner,*  on  comparing  the  heating  power  of  the 
principal  kinds  of  wood,  ascertained  that  i  klafter  of  beech 
wood,  in  pieces  3  feet  long,  containing  78  cubic  feet  of  solid 
wood,  and  weighing  30*5  cwts.,  produced  the  same  effect  as 
i'3  klafter  of  pine  wood,  in  pieces,  or  13  cwts.  of  brown  coal 
from  Leoben  and  Pilsen,  as  21  or  zz  cwts.  of  turf  from 
Upper  Austria  or  Bavaria,  and  as  28  cwts.  of  turf  from 
Moravia. 

CHARCOAL. 

The  carbonisation  ofwoodt  is  intended  to  remove  those 
constituents  which  absorb  heat,  and  to  concentrate  the 
carbon,  which  possesses  a  great  pyrometric  heating  power. 
The  substances  absorbing  heat  are  the  hygroscopic  water 
and  oxygen  contained  in  the  wood,  which,  on  combustion, 
cause  the  formation  of  so  much  water  that  the  tempera- 
ture is  decreased  to  a  considerable  degree. 

The  earliest  method  of  coaling  wood,  as  the  manufacture 
of  charcoal  was,  and  still  is  called,  is  as  follows :— A  piece 

*  Oeiteir.  Ztschr.,  1853,  p.  146. 

f  Uks's  Didtonaiy  of  Arts  and  Hinet,  vol.  i.,  p.  6S4.  V.  Bbko,  Anleitang 
sum  Vcrkohlea  del  Holies,  1.  AuQ. :  DHisuudt,  i860.  Mbtbk,  Berechnung 
der  Koblenmeiler,  1833.  Frbitao,  die  K&hlerei,  Weniigerode,  1831.  Mjlvbr- 
HoriB,  uber  die  Verkohtung  mit  Qebliseluft,  B.  u.  h.  Ztg.,  ii.,  zo.  Af  Uir, 
Anleitung  lurvortheilhsftenVerkohlungdes  Holies  in  stehendcD  u&d  liegenden 
Heilern,  Aa*  dem  Schwedischenubersetitv.  Blninof :  Giessen,  iSio.  Dihgl., 
Vii.,  264  ;  xiiv.,  280 ;  ixvii,,  404  ;  xxxviii.,  463  ;  lii.,  jjo ;  Ixi.,  137 ;  liii.,  387 ; 
Uviii.,  109.  Sachsiiche  K&blerei,  Ekdu.,  Journ.  {.  6k  u,  Techn.  Chem.,  vii., 
47  ;  viii.,  137  ;  ix.,  430.  lulianische  MEtfaode,  Ann.  dee  Mines,  3  «£r.,  xi.,  351. 
Dietrich  fiber  Verkohlung  des  Holies  in  stehenden  Meilem,  1847.  Klbim, 
Desgl.,  1836.      Schbbhbb's  MeUJ.,  i.,  311.      Plattnbb,  Vorleiungec  iiber 
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of  ground  is  levelled  at  some  convenient  spot  in  the  forest, 
which  is  termed  the  "  hearth  "or  "  earth."  This  spot  should 
be  near  to  the  stores  of  cord  wood;  that  the  cost  of  trans- 
portation of  it  may  be  low,  and  that  the  waggons  for  the 
hauling  of  coal  may  easily  approach.  Above  all  things,  the 
place  where  the  hearth  is  to  be,  must  be  dry,  and  free  from 
rock.  When  no  convenient  level  spot  can  be  found,  one 
from  40  to  50  feet  in'  diametet  is  made  on  a  hill  side.  All 
stones  and  gravel  must  be  removed,  and  the  ground  must 
be  dry  and  fine,  not  sandy  or  loamy ;  it  is  best  to  locate 
a  hearth  in  a  somewhat  gritty  soil.  When  stones  or  gravel 
cannot  be  avoided  in  the  seledtion  of  a  spot,  the  ground  must 
be  dug  up  for  i  or  2  feet,  and  riddled  to  remove  all  coarse 
matter.  If  the  ground  is  too  rocky  or  damp,  a  layer  of 
brush-wood,  I  or  2  feet  in  depth,  is  spread  over  it,  and  upon 
this  a  layer  of  soil  of  i  foot  in  thickness  is  thrown,  which 
forms  the  hearth.  If  the  soil  is  too  sandy,  it  may  be  mixed 
with  sufficient  diy  loam  to  make  it  slightly  adhesive.  In 
the  centre  of  the  hearth,  which  may  be  made  slightly  convex, 
either  a  thick  pole,  or  three  sapling  posts,  4  inches  in 
thickness,  and  of  the  height  which  the  heap  is  to  be,  are 
ere6^ed ;  this  is  generally  from  iz  to  15  feet,  most  commonly 
12  feet.  These  posts  are  placed  about  i  foot  apart,  and  are 
held  in  position  by  short  braces,  bound  together  with  switches. 
At  the  bottom,  between  these  posts,  which  form  a  kind  of 
chimney,  some  dry  inflammable  substance,  such  as  brands 
from  former  fires,  dry  chips,  or  charcoal,  is  deposited,  in 
fa£l,  this  chimney  may  be  Blled  at  least  half  its  height,  or 
nearly  to  the  top,  with  any  of  these  substances.  Around  this 
centre,  the  billets  of  wood  are  eredled,  the  heaviest  first, 
with  the  huts  lowermost,  so  as  to  form  a  gradual  slope 
towards  the  circumference. 

One  of  the  most  important  objetfts  in  setting  a  pit,  is  to 
have  as  few  and  as  small  spaces  as  possible,  and  when  these 
exist,  to  fill  them  with  small  branches  and  short  billets  of 
wood.  The  collier  therefore  needs  an  axe  for  trimming  and 
chopping,  as  the  wood  is  not  often  so  cleanly  trimmed  by  the 
choppersastoformclose  joints.  Whensufficient  charcoal  dust 
is  at  hand,  it  is  an  excellent  plan  to  entirely  fill  the  crevices 
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between  the  billets  with  stnall  charcoal ;  this  increases  the 
yield  considerably,  and  affords  a  charcoal  superior  to  that  de- 
rived from  the  open  setting.  Alittle  more  labour  is  thuscaused, 
but  in  the  course  of  time  it  pays  well.  In  all  cases,  the  round, 
or  bark  side  of  the  billet  is  turned  outwards,  and  the  split 
sides  towards  the  centre.  In  setting  the  second  tier  of  wood, 
particular  attention  must  be  paid  to  the  joints  at  the  ends 
of  the  billets,  because  it  is  there  that  it  is  most  difficult  to 
prevent  spaces.  If  three  tiers  of  wood  are  set,  the  upper 
one  is  more  inclined  than  the  lower,  to  secure  the  adhesion 
of  the  cover. 

In  Norway,*  the  wood  around  the  centre  poles  is  laid  flat, 
and  covered  outside  with  slabs,  to  obtain  the  slope.  This 
method  can  only  be  adopted  in-  the  neighbourhood  of  saw- 
mills, where  slabs  alone  can  be  obtained.  The  covering 
may  be  made  equally  well  with  billets,  but  no  other  advan- 
tage than  the  saving  of  a  little  labour  in  setting  the  wood  is 
obtained.  Wood  laid  horizontally  never  does,  nor  ever  can, 
afford  as  strong  a  coal  as  when  placed  upright,  and  where 
strong  coal  is  required  for  blast  furnaces,  this  mode  of 
charring  is  not  advantageous,  although  it  is  so  for  forging 
and  similar  operations,  where  weak  coal  does  equally  well, 
and,  indeed,  is  preferable  to  hard  coal. 

In  Southern  Europe,  the  wood  is  frequently  laid  almost 
horizontal,  or  inclined  gently  towards  the  periphery  of  the 
heap ;  it  is  used,  in  this  instance,  in  the  form  of  round 
sticks. 

When,  a  round  heap  is  formed,  all  the  exterior  spaces  are 
nicely  filled,  and  thatched  with  chips,  small  branches,  small 
wood  brands,  or  charcoal.  The  whole  is  then  covered  with 
a  layer  of  damp  leaves,  which  are  gathered  from  the  ground 
near  the  pit.  These  leaves,  which  serve  to  prevent  the 
dropping  in  of  dust,  or  earth  cover,  are  now  overlaid  with 
earth.  The  best  cover  is  formed  from  the  earth  where  one 
or  two  brands  have  been  made,  and  the  earth  is  blackened 
and  mixed  to  a  certain  extent  with  fine  charcoal.  At  first  only 
a  slight  layer  of  earth  is  put  on,  merely  to  cover  and  hold  the 

>-  •  Ovbknanh's  Treatiee  on  MeUllaTgy :  New  York,  18C5,  p.  361. 
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leaves  down,  so  that  agust  ofwind  may  not  blow  them  off.  If 
dne  centre  polehas  been  applied,  this  isnowwithdrawn  in  order 
to  form  achimney,  and  the  combustibles  at  the  very  bottom  and 
centre  of  the  heap  are  ignited  by  dropping  some  burning  coals 
from  the  top  into  the  centre ;  this  should  be  done  in  the 
morning,  and  when  neither  wind  nor  storm  is  apprehended. 
In  order  that  the  covering  of  the  heap  may  not  be  disturbed, 
the  ascent  to  the  top  is  effefted  by  means  of  steps  made  of  a 
6-)nch  sapling,  or  a  slab.  The  fire  thus  applied  must  be 
carefully  watched,  that  it  may  continue  to  bum  slowly ;  it 
is  nourished  by  air  drawn  in  through  several  places,  which 
are  left  uncovered  at  the  bottom  of  the  heap.  When  the 
tire  is  well  established,  which  usually  takes  some  five  or  six 
hours,  the  centre  is  entirely  filled  with  brands  ;  but  no  cover 
is  yet  put  on  the  top,  only  some  leaves  are  thrown  over  to 
prevent  a  strong  draught.  The  collier  now  proceeds  to 
secure  the  earth  all  round  by  adding  some  more ;  so  that 
within  the  first  twenty-four  hours,  the  heap  is  entirely 
covered  with  duat,  from  2  to  3  inches  in  thickness.  In  the 
centre  part  of  the  top,  the  cover  is  thin,  so  that  smoke,  or, 
in  fadt,  only  steam  and  invisible  gases,  may  escape.  At  the 
bottom  are  small  air  holes,  which  are  not  closed  until  the 
pit  begins  to  sink  or  settle  at  the  top.  When  the  operation 
is  conduced  properly,  this  occurs  after  sixty  hours'  firing;  if 
it  takes  place  sooner,  there  is  something  wrong.  While  the 
settling  is  going  on,  the  earth  becomes  moist,  and  is  easily 
flattened  down  by  a  shovel,  but  this  must  be  done  with 
caution.  If  the  cover  is  too  close,  as  it  is  particularly  liable 
to  become  when  it  consists  of  green  dust,  it  is  in  danger  of 
being  partially  blown  off  by  explosions  within.  During  the 
two  first  days  it  is  not  advisable,  therefore,  to  have  the  cover 
too  close  or  too  heavy.  On  the  other  hand,  a  thin  cover 
always  requires  more  attention  than  a  heavy  one,  and  it  is 
particularly  unsafe  in  squally  weather,  and  under  the  care 
of  inexperienced  persons.  Most  of  these  difficulties  may  be 
avoided,  by  making  a  heavy  cover  at  the  commencement, 
with  a  free  vent  at  the  top,  and  means  for  a  liberal  access 
of  fresh  air  at  the  foot  of  the  heap. 
When  the  top  begins  to  settle,  some  dust  is  thrown  into 
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the  centre  of  it,  60  as  to  draw  the  fire  more  to  the  exterior, 
and  as  it  continues  to  settle,  this  operation  is  continued  for 
at  least  two  days  longer,  to  prevent  a  strong  heat.  During 
this  period,  the  greatest  caution  and  watchfulness  must  be 
exercised  day  and  night,  particularly  in  stormy  seasons,  and 
with  green  or  sandy  earth  for  a  cover.  It  will  sometimes 
happen,  in  spite  of  every  precaution,  that  a  pit  settles 
irregularly,  although  the  settlement  ought  to  be  uniform 
from  the  centre  towards  the  periphery.  When  the  former 
occurs,  it  is  regulated  by  increasing  the  covering  at  the  low 
places,  and  diminishing  it  at  the  high  spots,  so  as  to  draw 
the  fire  towards  them.  If,  either  in  consequence  of  a 
new  hearth,  or  from  inattention,  a  part  of  the  pit  bums 
hollow,  and  threatens  to  sink  suddenly,  that  portion  must 
be  quickly  opened  by  removing  the  cover,  and  filled  with 
charcoal,  brands,  or  even  charcoal  dust,  if  nothing  else  is  at 
hand.  Some  colliers  are  in  the  habit  of  filling  these  hollow 
places  with  fresh  wood  ;  this  is  useless,  for  fresh  wood  does 
not  make  charcoal,  at  least  not  of  good  quality,  and  it  is  the 
cause  of  wasting  what  is  already  formed — in  fai5l,  it  injures 
the  whole  pit.  It  frequently  happens  that  the  centre  bums 
down  too  deep  befqre  the  wood  sinks  ;  "it  is  then  filled  with 
coal,  and  kept  full,  until  it  sinks  regularly  and  simultaneously, 
after  which  it  is  covered  with  dust. 

In  fair  weather,  and  under  good  management,  the  aspects 
of  the  pit  change  about  the  third  day.  The  smoke  then 
begins  to  be  dry,  no  cloud  of  vapours  hovers  over  the  apex, 
and  the  gases  begin  to  smell  of  the  distillation  produ<fls. 
The  pit  may  now  be  entirely  covered,  and  no  air-hole  left. 
When  the  cover  has  been  too  thin,  it  is  increased ;  all  cracks 
and  crevices  are  carefully  stopped,  and  the  pit  driven  on  very 
slowly  without  vents  to  urge  the  fire.  If  all  these  things 
have  been  carefully  attended  to,  the  settling  of  the  pit  is 
uniform ;  it  begins  in  the  middle,  and  extends  gradually 
towards  the  circumference.  The  pit  assumes,  at  this  period, 
the  form  of  an  inverted  cone,  and  the  fire  draws  gradually 
from  the  centre  towards  the  edge  of  the  heap.  The 
smoke,  or  hot  gases,  always  escape  at  the  highest  part, 
or  at   those  places  where  the  fire  exists ;  from  the  other 
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parts  of  the  surface,  which  ought  to  be  dead,  none  shoufd 
issue. 

■  A  pit  must  be  closely  watched  in  good  seasons  for  four 
days,  and  in  stormy  weather  for  from  six  to  eight  days ; 
after  that  time  the  fire  is  weU  spread  in  the  interior,  and,  as 
little  air  is  required,  all  the  air-holes  around  the  base  axe 
closely  stopped.  Some  vent-holes  may  be  put  below  the  na- 
tural vent,  for  all  the  wood  is  now  well  dried,  and  the  charring 
may  be  completed  as  soon  as  possible.  In  four  days  more, 
all  the  wood  will  be  charred  ;  thus  a  pit  may  be  burned  in  a 
week  or  ten  days,  unless  in  stormy  or  wet  seasons,  when  it 
will  require  between  ten  days  and  three  weeks.  When  the 
fire  is  drawn  to  the  circumference,  the  heap  is  closely  covered 
and  left  to  cool  slowly. 

After  the  further  lapse  of  twenty-four  hours,  the  drawing 
of  the  coal  is  begun  ;  this  proceeds  slowly.  From  aoo  to 
300  bushels  are  taken  during  the  first  day  from  a  fresh  pit ; 
this  may  be  gradually  increased,  so  that  a  pit  of  2000  or 
2500  bushels  will  be  drawn  in  a  week.  This  operation  is 
commenced  at  the  circumference;  a  little  dust  is  removed 
from  a  place,  and  about  one  bushel  taken  by  means  of  a 
wooden  rake ;  the  earth  is  then  carefully  replaced  to  prevent 
the  access  of  air  to  the  interior  of  the  pit,  and  another  place 
is  opened.  A  careless  or  too  rapid  drawing  may  set  the  pit 
on  fire  again,  and  cause  a  great  loss  of  coal.  When  the 
process  of  charring  has  been  well  performed,  the  pit  shows  a 
gently  rounded  mound  of  about  half  the  height  of  the  original 
pit,  although  it  is  somewhat  higher  when  hard  wood  has 
been  charred.  An  irregular  waving  surface  indicates  either 
bad  work  or  a  bad  hearth. 

Hard  close-grained  woods  are  longer  in  coaling  than  soft 
open-grained  woods. 

These  technical  instru^ions,  handed  down  in  the  forests 
for  ages  as  secrets  from  father  to  son,  amongst  the  collieries 
of  eveiy  country  in  Europe,  are  the  results  of  long  practical 
experience,  and  stridlly  accord  with  the  true  principles  on 
which  the  process  is  based. 

To  carbonise  wood  under  a  movable  covering,  the  plan  of 
!' pteiler  "  pit  or  heaps  is  very  generally  employed  in  Ger- 
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many.  The  heaps  containing  the  wood  in  horizontal  layers 
are  called  lying  meiler;  they  are  shown  in  Fig.  61.  Heaps 
in  which  the  wood  is  placed  in  nearly  vertical  layers,  as 
shown  in  Figs.  62  and  63,  are  called  standing  meiler. 

Fig.  61.  Fig.  62.  Fig.  63. 


The  success  of  the  burning  of  the  heap  or  pit  is  influenced 
by  the  direction  of  the  billets,*  for  the  fresh  air  which  is 
drawn  in  at  the  foot  will  naturally  follow  this  direftion,  or  pass 
through  the  spaces  between  the  billets,  which,  when  properly 
set,  make  the  strongest  and  most  coal.  The  principal  objedt  in 
charring  wood  must  be  to  conduit  the  fresh  air  over  it,  and  not 
over  the  hot  coal.  If  we  kindle  one  end  of  a  bundle  of  sticks 
and  hold  it  so  as  to  turn  the  Same  downward,  we  do  not  obtain 
any  coal.  After  the  volatile  substances  are  expelled,  the  fact 
charred  wood  is  rapidly  consumed,  and  ashes  only  remain. 
Thus  the  hot  gases  generated  in  the  burning  coal  pass 
through  the  wood,  diy  it  too  fast,  and  convert  it  into  small 
disconnet^ed  fibres,  as  if  crushed  by  a  hammer,  such  wood, 
cannot,  of  course,  form  any  other  than  small  coal,  and  very 
little  of  that.  If  we  turn  the  flame  of  the  faggot  of  wood 
upwards,  the  result  is  quite  different,  for  the  air,  in  passing 
through  the  spaces  between  the  sticks,  will  absorb  the  mois- 
ture gradually,  and  dry  the  wood  slowly.  On  arriving  at  the 
flame,  it  will  find  sufficient  carburetted  hydrogen  to  combine 
with,  and  consequently  will  not  absorb  much  carbon,  pro- 
vided no  excess  of  air  is  admitted,  so  as  to  furnish  free  ■ 
oxygen.  This  mode  will  not,  however,  produce  the  largest 
quantity  of  coal ;  for  if  the  coal  above  the  flame  is  still  red- 
hot,  which,  of  course,  cannot  be  prevented,  the  carbonic 

*  OvBRMAJtn's  Treatise  on  Metallurgy:  New  York,  1865,  p.  357. 
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acid  formed  in  contact  with  the  volatile  substances  will  ab- 
sorb more  carbon  and  fonn  carbonic  oxide,  which  is  recog- 
nised by  the  blue  colour  at  the  extreme  end  of  the  flame. 
This  blue  flame  is  often  observed  in  mailers  when  the 
cover  is  too  light,  and  when  there  is  too  much  heat  in  the 
coal.  It  invariably  causes  great  loss,  however  good  the  coal 
may  be.  A  strong  cover  to  keep  the  fire  down  is  the  only 
means  of  preventing  these  occurrences. 

The  perfe<5lly  vertical  position  of  the  billets  with  the  fire 
at  the  top  is,  therefore,  the  most  perfe<5t  manner  of  setting  a 
pit,  provided  the  access  of  air  can  be  so  regulated  that  only 
a  sufficient  quantity  is  uniformly  drawn  down.  In  order, 
however,  to  render  the  operation  as  perfe<5t  as  possible,  the 
billets  are  set  in  an  inclined  position. 

In  distritfts*  where  the  wood  can  be  transported  into  one 
place  by  means  of  rivers  or  mountain  slides,  a  dry  flat 
space,  screened  from  storms  and  floods,  must  be  selected ; 
this  may  be  walled  round,  having  a  slight  declivity  made  in 
the  ground  towards  the  centre,  as  is  shown  in  Fig.  64.  Into 
this  space  the  tarry  acid  will  partially  fall,  and  may  be  con- 
dudted  outwards  through  a  covered  gutter  beneath  into  a 
covered  tank.  The  mouth  of  the  tank  must  be  shut  during 
the  coaling  with  an  iron  or  stone  slab,  luted  with  clay.  A 
'  square  iron  plate  is  placed  over  the  inner  orifice  of  the  gutter 

Fig.  64. 


to  prevent  its  being  choked  with  coal  ashes.  Fig.  64  repre- 
sents a  walled  meiler  station  ;  a,  the  station;  b,  the  gutter; 
c,  the  tank,  which  is  covered  with  the  slab,  d;  e,a.  slab  which 
serves  to  keep  the  gutter  clear  of  coals.  The  cover  of 
the  heaps  is  formed  of  earth,  sand,  ashes,  or  any  other 
matter  that  may  be  most  readily  found  in  the  woods.  They 
should  be  kindled  in  the  centre.  The  time  required  for 
charring  a  heap  is  from  six  days  to  a  month,  according  to  its 


*  Ukb'b  DiaioDair  of  Artt  and  Minei,  vol.  i.,  p.  CS5. 
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size,  hard  wood  requiring  longer,  and  the  slower  the  process, 
the  better,  generally  speaking,  is  the  quality  of  the  product, 
and  the  greater  its  quantity. 

The  charring  of  wood  in  mounds*  (Haufm  or  liegende 
Werke)  differs  from  that  in  the  metier,  because  the  wood  in 
the  haufen  is  successively  charred,  and  the  charcoal  raked 
out  little  by  little.  The  haufen  is  represented  in  Figs.  65 
end  66.    The  produA  is  said  to  be  greater  in  this  way,  sind 

Fio.  65. 


Fig.  66. 
also  of  better  quality,  which,  however,  is  doubtful.  Uncleft 
billets  6  or  8  feet  long,  being  laid  over  each  other,  are  covered 
with  ashes  and  then  carbonised.  The  station  is  sometimes 
horizontal  and  sometimes  made  to  slope.  The  length  may 
be  24  feet,  the  breadth  8  feet,  and  the  wood  is  laid  crosswise. 
Piles  are  set  perpendicularly  to  support  a  roof  made  of 
boughs  and  leaves  covered  with  ashes.  Pipes,  which  serve 
to  catch  and  carry  off  some  of  the  liquid,  are  occasionally 
laid  within  the  upper  part  of  the  mounds. 

Charring  in  Ovens. — This  mode  of  charring,  as  employed 
in  America,  is  described  by  Overmannt  thus : — In  order  to 
avoid  keeping  large  stores  of  charcoal,  and  to  obtain  it  dry 
and  fresh,  to  save  labour  in  particular  cases,  and  to  be 
less  subject  to  the  faults  of  inferior  workmen,  the  charring 
in  ovens  or  kilns  is  resorted  to.  Generally  speaking,  the 
advantages  of  ovens  over  heaps  or  pits  are  not  so  great  as 
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is  often  supposed,  and,  as  a  rule,  we  may  assert  that  no 
charcoal  made  under  an  immovable  cover  is  so  strong 
as  that  made  under  a  movable  one.  The  only  real  advan- 
tage of  the  oven  arises  from  its  being  less  subjei5t  to  the 
changes  of  the  atmosphere  than  the  pit.  The  best  kind  of 
char  oven,  and  that  which  is  most  generally  in  use  in 
America,  is  of  a  long  prismatic  form ;  the  floor  and  rough 
walls  of  the  oven  are  of  common  red  brick,  the  interior  qf 
the  side  walls  and  the  arched  roof  are  lined  with  fire-brick. 
Such  an  oven  is  40  feet  long,  13  feet  wide,  and  13  feet  high, 
in  the  clear,  and  will  contain  about  sixty  cords  of  wood. 
The  oven  is  bound  with  wood  and  covered  with  a  roof,  which 
is  a  necessary  appendage,  as  it  proteifts  the  walls  i^ainst 
moisture,  which  is  particularly  hurtful  to  the  arch,  and 
consequently  to  the  coal.  The  floor  is  well  paved  with  hard 
common  bricks,  set  edgewise,  below  these  another  layer  of 
bricks  or  stones  is  laid  upon  a  plank  floor,  which  rests  upon 
the  cross  timbers  or  binders.  The  mode  of  binding  requires 
no  further  explanation  ;  it  may  be  added,  however,  that  it 
is  necessary  to  use  young  and  sound  timber  for  this  purpose. 
The  bricks  are  laid  in  fire-clay  mortar,  in  preference  to  lime 
mortar,  because  the  latter  is  soon  destroyed  by  the  acetic 
acid  which  is  liberated  by  the  wood.  This  clay  mortar 
ought  not  to  be  too  fat,  and'  it  is  advisable  to  use  a  little  salt 
in  it ;  this  causes  it  to  dry  harder,  and  bind  more  strongly. 
In  laying  the  bricks,  particular  care  must  be  taken  to  fill 
the  joints  perfeflly  with  mortar,  that  no  leakage  may  take 
place  through  the  walls,  which,  for  better  security,  may  be 
painted  on  the  outside  with  a  mixture  of  coal  tar  and  clay. 
This  forms  an  extremely  hard  and  strong  cover,  which  is  not 
at  all  liable  to  break.  The  clay  is  dissolved  in  water,  and 
put  first  over  the  brick  wall,  like  a  wash ;  the  tar  is  then 
painted  on  before  it  has  become  perfectly  dry. 

In  order  to  secure  strength  and  close  joints,  the  walls  must 
be  at  least  14  inches  thick,  consisting  of  a  liningof  flre-brick 
5  inches  in  width,  and  red  brick  9  inches.  Both  the  lining 
and  rough  wall  must  be  well  bound  together  by  occasional 
binders,  which  unite  the  red  and  the  fire-brick.  The  arch 
may  be  of  5-inch  fire-brick ;  but  as  the  space  is  wide,  there 
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is  no  harm  done  in  making  a  lo-inch  roof.  Many  kilns  are 
built  of  red  brick  only ;  to  this  there  is  no  objeftion,  they 
answer  equally  as  well  as  if  lined  with  fire-brick;  but,  in 
this  case,  the  common  bricks  ought  to  be  made  of  a  kind 
of  loam  which  wilt  stand  fire  well.  If  this  loam  contains 
too  much  iron  or  lime,  the  bricks  of  the  roof  will  soon  shrink 
and  drop.  It  is,  therefore,  necessary  to  test  the  red  bricks 
in  a  strong  fire  before  a  kiln  is  built  of  them,  at  least  those  used 
for  the  lining  and  the  roof ;  if  they  resist  a  high  red  heat 
without  melting,  they  may  be  considered  good  for  this  pur- 
pose. When  a  little  more  expense  is  no  consideration,  it  is 
a  good  plan  to  increase  the  strength  of  the  side  walls  by 
bracing  them  with  pillars.  At  each  end  there  is  an  iron 
door,  6  feet  wide  and  8  feet  high,  so  that  a  railroad  car  may 
be  run  into  the  oven,  loaded  with  wood,  or  to  take  off  char- 
coal. All  the  kilns  in  use  resemble  the  above  more  or  less  ; 
in  some  cases  the  roof  is  less  steep,  to  gain  room  ;  in  others 
the  binders  are  made  of  cast-iron  uprights,  and  wrought -iron 
cross  girders.  In  some,  the  gases  are  drawn  off  by  a  series 
of  vents  in  the  top  of  the  roof;  ia  others,  by  vents  at  both 
ends ;  when  this  is  the  case,  the  vent  holes  are  provided 
with  iron  doors.  In  all  cases,  a  series  of  draught  holes  is 
provided  quite  round  the  foot  of  the  kiln,  and  by  stopping 
one,  and  opening  another,  the  access  of  air,  and  consequently 
the  fire,  is  regulated.  These  apertures  arc  of  the  size  of  a 
brick  ID  inches  by  2^  in  height,  so  that  a  brick  may  fill  one. 
The  operation  of  charring  in  these  kilns  is  extremely 
simple.  The  wood  is  laid  flat  on  the  floor  and  piled  up  to 
the  roof.  It  may  also  be  set  upright,  but  as  this  is  more 
laborious  it  is  not  generally  done ;  still  there  is  no  doubt 
that  the  coal  is  stronger  from  the  billets  which  are  standing 
than  from  those  which  are  laid  flat.  The  Are  is  applied  in 
various  ways;  some  prefer  putting  it  at  the  top,  in  the 
middle  of  the  arch,  and  drawing  it  gently  downwards ;  others 
form  a  channel  of  brands,  dry  chips,  or  charcoal,  through 
the  middle  of  the  floor,  and  apply  fire  at  both  ends;  others, 
again,  ignite  the  wood  at  the  draught  holes  round  the  foot 
of  the  oven.  Of  all  these  plans,  the  tatter  is  the  most 
objedtionable,  for  it  necessarily  causes  a  waste  of  wood,  and 
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makes  weak  coal.  With  a  channel  through  the  middle, 
firing  at  both  ends  is  better,  but  the  best  plan  is  firing  on 
the  top,  particularly  in  wide  ovens.  In  all  cases  the  wood 
that  is  charred  ought  to  be  well  seasoned,  for  wet  or  green 
wood  yields  zo  per  cent  less  coal  than  dry ;  or,  in  case 
seasoned  wood  cannot  be  had,  the  charring  ought  to  be  con- 
ducted with  extreme  slowness ;  the  fire  should  be  applied  at 
the  top,  and  fed  by  coal  or  brands.  A  liberal  supply  of  fresh 
air  should  be  allowed  to  pass  through  the  interior.  Charring 
green  or  wet  wood  is,  in  no  case,  profitable,  and  in  order  to 
obtain  the  best  yield  and  greatest  amount  of  coal,  the  wood, 
as  it  is  delivered  at  the  yard,  should  be  stored  under  cover 
and  protedted  against  the  rain.  One  heat  may  be  performed 
in  a  week,  so  that  an  oven  may  be  reckoned  to  produce  from 
1200  to  1500  bushels  of  coal  in  that  time ;  but  generally  two 
or  three  weeks  are  occupied  in  charging,  charring,  and  dis- 
dischai^ng  a  kiln.  It  is  not  difficult  to  condu(5t  the 
charring  in  these  oven's,  when  the  walls  are  perfectly  air- . 
tight,  but  if  they  are  not  so  it  is  rather  troublesome,  and 
causes  considerable  loss  o£  wood.  When  the  watery  vapours 
at  the  top  of  the  kiln  or  at  the  vents  cease,  and  no  smoke 
of  any  kind  issues,  but  a  whitish  blue  gas  makes  its  appear- 
ance,— which  is  often  the  case  at  the  third  day  after  fire  is 
applied,  although  more  generally  on  the  fourth  or  fifth  day — 
the  vents  are  stopped  up,  and  as  the  fire  becomes  visible  at 
the  apertures  near  the  base,  these  are  also  successively 
stopped.  When  satisfied  that  the  heat  has  spread  through- 
out the  interior,  all  the  openiiigs  are  well  stopped  by 
bricks,  and  secured  by  a  la^er  of  fine  sand,  to  prevent  the 
access  of  air.  Two,  or  at  the  most  four,  days  of  cooling, 
are  sufficient  to  deaden  the  coal  so  far  as  to  make  it  ready 
for  drawing. 

These  kilns  are  the  best  for  the  manufacturer  of 
metals. 

The  ovens  frequently  used  in  Sweden  are  from  25  to 
30  feet  wide,  17  or  18  feet  high,  and  of  equal  length ;  they 
are  provided  with  a  pointed  arch,  z  feet  thick,  and  the  side 
walls  are  still  thicker.  These  furnaces  are  likewise  con- 
structed for  collecting  the  products  of  combustion,  for  which 
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purpose  they  answer  well ;  but,  on  the  other  hand,  a  light 
coal  is  produced  by  their  use. 

Chabeaussiere's  kiln,*  for  making  wood  charcoal,  is  repre- 
sented in  Figs.  67  and  68.  Fig.  67  is  a  vertical  sedlion,  and 
Fig.  68  a  half  bird's-eye  view,  and  half  cross  section  of  the 
height  of  the  pit  bottom,     a  is  the  oven ;    b,  vertical  air 

Fig  67. 


pipes ;  c,  c,  horizontal  flues  for  admitting  air  to  the  kiln  ; 
d,  d,  small    pita  which    communicate  by  short  horizontal 


Fig.  68. 


ones,  e,  e,  with  the  vertical  ones ;  /,  the  sole  of  the  kiln,  a 
circle  of  britk-wbrk,  upon  which  the  cover,  or  hood,  A,  reposes ; 
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t,  a  pipe  which  leads  to  the  cistern,  k  ;  I,  the  pipe  destined 
for  carrying  off  the  gaseous  matter ;  m,  tn,  holes  in  the  iron 
cover  or  lid. 

The  distribution  of  the  wood  is  like  that  in  th^  horizontal 
metier ,  or  hetLps ;  it  is  kindled  in  the  central  vertical  canal 
with  burning  fuel,  and  the  lid  is  covered  with  a  few  inches 
of  earth.  At  the  beginning  of  the  operation,  all  the  draught 
flues  are  left  open,  but  they  are  successively  closed,  as  oc- 
casion requires.  In  eight  kilns  of  this  kind,  500  decasters 
of  oak  wood  are  carbonised,  from  which  15,000  he(5tolitres 
of  charcoal  are  obtained,  equal  to  64,000  lbs.  French,  being 
about  25  per  cent,  besides  tar;  3000  velts  of  wood  vinegar, 
of  from  2°  to  3°  Baum6,  are  also  produced. 

Charcoal  obtained  by  the  aiftion  of  a  rapid  fire  in  close 
vessels,  is  not  so  solid  and  -good  a  fuel  as  that  which  is  made 
in  the  old  way,  by  the  slow  calcination  of  pyramidal  piles 
covered  with  earth.  One  of  the  most  economical  ovens  for 
making  wood  charcoal  is  that  invented  by  M.  Foucauld,* 
which  he  calls  a  shroud  or  abri.  To  construct  one  of  these, 
30  feet  in  diameter  at  the  base,  10  feet  at  its  summit,  and 
from  8  to  9  feet  high,  he  forms,  with  wood  2  inches  square. 

Fig.  6g,  Fig.  70. 


*  Ulte's  Didionary  of  Arli  >nd  Mian,  vol.  i.,  p.  6S6. 
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a  frame  12  feet  long,  3  feet  broad  at  one  end,  and  i  foot  at 
the  other.  The  figures  69—73  will  explain  the  construftion. 
The  uprights,  A,  B,  and  c,  d,  of  this  frame,  are  furnished 
with  three  wooden  handles,  a,  a,  a,  and  a',  a',  a',  by  means 
of  which  they  can  be  joined  together,  by  passing  through 
two  contiguous  handles  a  wooden  fork,  the  frame  being 
previously  provided  with  props,  as  shown  in  Fig.  67,  and 
covered  with  loam  mixed  with  grass.  A  flat  cover  of  lo  feet 
diameter,  made  of  planks  well  joined,  and  secured  by  four 
cross  bars,  is  provided  with  two  trap  doors,  m,  n  {Fig.  72) 
for  giving  egress  to  the  smoke  at  the  commencement  of  the 

Fig.  71 


Fig.  73. 

operation  ;  atriangular  hole,  p,  cut  out  in  the  cover,  receives 
the  end  of  the  conduit,  q,  r,  s  (Figs.  71  and  72)  of  wood 
formed  of  three  deals  destined  to  convey  the  gases  and  con- 
densed liquids  into  the  casks,  f,  g,  h.  Lastly,  a  door,  T, 
which  may  be  opened  and  shut  at  pleasure,  permits  the 
operator  to  inspetft  the  state  of  the  fire.  The  charcoal  pro- 
duced by  this  abri  has  been  found  of  superior  quality. 

When  it  is  thought  desirable  to  change  the  place  where 
the  abri  is  eredted,  and  to  transport  it  to  a  store  of  new-felled 
timber,  the  frame  is  taken  down,  after  beating  off  the  clay 
which  covers  it;  the  joints  and  also  the  ends  of  the  forks 
which  fixed  the  .frames  to  one  another,  are  then  cut  with  a 
saw.  This  process  is  economical  in  use,  and  simple  and 
cheap  in  construflion,  since  all  the  pieces  of  the  apparatus 
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are  easily  moved  about,  and  may  be  readily  mounted  in  the 
forest. 

The  carbonisation  of  wood  is  sometimes  effeifted  by  means 
of  hot  air,  or  by  the  application  of  waste  gases  of  blast  fur- 
naces,* of  steam.t  and  sometimes  also  of  blast.  [ 

Generally  speaking,  carbonisation  with  the  admission  of 
air  yields  less  charcoal,  and  does  not  admit  of  an  easy  col- 
lection of  the  volatile  produt5ts  of  carbonisation  ||  (tar  and 
pyroligneous  acid).  It  is  usually  employed  in  the  produi5tion 
of  charcoal  for  metallui^ical  processes.  Closed  ovens  admit 
of  a  greater  yield  of  coal  and  of  an  easy  colleAion  of  the 
volatile  produAs ;  but,  on  the  other  hand,  they  necessitate 
the  consumption  of  a  considerable  quantity  of  fuel  for  the 
produdtion  of  the  temperature  required  for  carbonisation. 
They  are  usually  capable  of  containing  only  small  quantities 
of  wood,  and  the  resulting  coal  is  easily  combustible,  owing 
to  the  large  amount  of  volatile  substances  it  contains. 

The  chemical  readtions  which  take  place  in  the  process 
of  carbonising  wood  have  lately  been  elaborately  described 
by  Ebelmen§  and  Violette.H 

The  yield**  of  charcoal  in  meikm  is  stated  by  Karsten  to 
vary,  according  to  the  temperature  and  the  quickness  of  the 
process  of  carbonisation,  between  25  and  27  per  cent  by 
weight,  and  to  amount  to  80  per  cent  at  the  highest  by 
volume,  but  to  only  65  per  cent  if  calculated  from  the  volume 
of  the  solid  wood.  In  carbonisation  wood  shrinks  in  length 
from  10  to  12  per  cent.tt 

*  DiNGL.,  Ixiv.,  393.  Ann.  d.  Uin.,  3  Eer.,  ix.,  173.  B.  u.  h.  Ztg.,  1841,  pp. 
166,  aSS. 

t  Bgwkfd.,  vti.,  410.  B.  n,  h.  Ztg.,  1K14,  p.  43.  Dinol.,  Ixixviii.,  347, 
Polyt.  Cenir.,  1849,  p.  53S. 

:  B.  u.  h.  Ztg.,  1843,  p.  20. 

II  Weeke,  Tabelle  ubct  die  Prodnae  d.  DcEtillation  de»  Holzec,  Dikcl., 
xxii.,  473.  HolzcBEiggewinnuni:  sue  Meilern  lu  Fieibcrg  und  im  Hari. 
I,AK».,  FortEchr.,  1639,  p.  30.  Polyt.  Ccntr.,  1851,  p.  taSa ;  1S53,  pp.  317, 
1 016,  ijiS- 

^  Bgwkfd.,  vii.,  MQ ;  X.,  161.     B.  n.  h.  Ztg.,  Hi.,  505. 

f  DiNOL.,  cxxiii.,  117.    Polyt.  Cenir.,  185a,  p.  335 ;  "854,  p.  361. 
•*  DiNQL.,  XXXV..  3()6.     Bgwkfd.,  iii.,  1433.     Erdh.,  J.  f.  ok.  a.  tccbn.Chem., 
viii.,  137.   Lamp.,  FortRChr.,  1839,  p.  17.   jabib.  f.  d.  Bithi.  Berg.  u.  Hutttom., 
iSzg,  p.  146. 

n  Bgwkfd.,  iii.,  433. 
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According  to  Tunne'r,*  the  shrinkage  of  wood  in  length 
amounts  to  8  or  lo  per  cent,  and  to  the  same  in  section,  the 
total  shrinkage,  therefore,  is  from  15  to  25  per  cent.  The 
yield  of  charcoal  at  Turrach,  in  a  well-condutfled  process  of 
carbonisation  in  meilem,  amounted  to  from  60  to  65  per  cent 
when  measured  in  solid  mass  from  the  compai^l  body<rf  wood 
employed ;  to  this  must  be  added  25  per  cent  of  loss  by 
shrinkage,  and  the  yield,  therefore,  amounts  to  from  85  to 
90  per  cent  by  volume.  Prom  10  to  15  per  cent  of  wood  are 
burnt  to  produce  the  temperature  required  for  carbonisation. 
In  calculating  by  weight,  from  23  to  27  per  cent  of  air-dry 
coal  resulted  from  rather  moist  billets,  whilst  Karsten  asserts 
that,  under  the  most  favourable  circumstances,  from  25  to 
27  per  cent  only  result  when  air-dry  wood  is  charred  in  re- 
torts, without  taking  into  consideration  the  wood  that  is  used 
for  heating  the  retorts. 

Again,  other  investigatorst  have  stated  that,  in  a  well-con- 
du(5led  process  carried  on  in  meilern,  from  60  to  75  per  cent 
of  coal  by  volume  result,  and  about  80  per  cent  when  the 
process  of  carbonisation  is  carried  on  in  closed  vessels. 

Standing  metier  in  the  Hartz,  containing  from  4000  to 

6000  cubic  feet  of  wood,  yield,  on  an  average,  the  following 

quantities : — 

w<.<.,.K  .™~i  ,v  k;ii<.*=  f20*o—22'o  per  cent  by  weight. 

Beech  wood  m  billets    .    .     \^„.^^^.^''      ^_      \olume. 

p.  (23-0—25-0  „  weight. 

"  i>        ■     ■     ^6o-o — 72'5         ,,        volume. 

Pine  „        sticks     .     .      '2I-0-25-0  „  weight. 

(50*0 — 65*3         „        volume. 

Pin.  ..        stumps.     .     |--^3:6  ,,  wj^.. 

Pi„e  „       .hin  bra„=h.3{'9:^^-»         ■■         -igj'; 

The  produAion  of  100  cubic  feet  of  coal  requires  180  cubic 
feet  of  fir-wood  in  billets,  200  cubic  feet  of  beech-wood  in 
billets,  240  cubic  feet  of  pine-wood  in  stumps,  or  320  cubic 
feet  of  oak  or  beech  wood  in  sticks, 

*  TuNNER,  Subeiicn-  u.  Siahlbcreilung,  i.,  37. 
t  ^wkfd.,  iii.,  1. 
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The  following  table*  of  the  quantity  of  charcoal  yielded 
by  difTerent  woods,  was  published  by  Mr.  Mushet  as  the 
result  of  experiments-  carefully  made  upon  a  small  scale. 
He  says,  the  various  woods  before  being  charred  were  tho- 
roughly dried,  and  pieces  of  each  kind  were  selected  as  nearly 
alike  in  every  respe<!t  as  possible.  One  hundred  parts  of  each 
sort  were  taken,  and  they  produced  charcoal  as  follows  : — 
Lignum  vitie  yielded  26-0  of  a  greyish  colour,  resembling 

coke. 
Mahogany  „      25*4  tinged  with  brown,  spongy  and 

porous. 
Laburnum  ,,       24*5  velvet  black,  compa<5l,  very  hard. 

Chestnut  ,,      23*2  glossy  black,  compact,  Brm. 

Oak  ,,       22'6  black,  close,  veiy  firm. 

Walnut  ,,      20"6  dull  black,  close,  firm. 

Holly  ,,       Z9'9  dull  black,  loose,  and  bulky. 

Beech  •      ,,       ig^g  dull  black,  spongy,  firm. 

Sycamore  ,,       19*7  fine  black,  bulky,  moderately  firm. 

Elm  ,.       19"5  fine  black,  moderately  firm. 

Norwegian  pine    ,.       19*2  shining  black,  bulky,  very  soft. 
Sallow  ,,       i8'4  velvet  black,  bulky,  loose  and  soft. 

Ash  ,,       17*9  shining  black,  spongy,  firm. 

Birch  ,,       I7'4  velvet  black,  bulky,  firm. 

Scptch  pine  „      i6'4  tinged  with    brown,  moderately 

firm. 
Messrs.  Allen  and  Pepys,  from  100  parts  of  the  following 
woods,  obtained  the  following  quantities  of  charcoal : — 

Beech i5"oo 

Mahogany      , I5'75 

Lignum  vitfc ^7*25 

Oak      .     , I7'40 

Fir 18-17 

Box. 20'25 

It  is  observable  that  the  quantities  obtained  by  Messrs. 
Allen  and  Pepys  are,  in  general,  less  than  those  given  by 
Mr.  Mushet,  which  may  be  owing  to  Mr.  Mushet  not  having 
applied  sufficient  heat,  or  operated  long  enough  to  dissipate 
all  the  aqueous  matter  or  gaseous  produAs. 

The  following  fadts  concerning  the  yield  of  charcoal  are 
stated  by  Overmannt  :— 

*  Ukb's  DiAionar;  of  Artt  and  Mine*,  vol.  i.,  p.  687. 
t  Ovekhann's  Treatise  on  Metallurgy,  p.  360. 
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In  heaps  or  pits  the  best  coal  is  generally  found  about  one 
foot  above  the  floor,  and  at  an  equal  distance  from  the  roof; 
in  the  centre  the  coal  is  weak.  This  shows  that  large  pits 
are  more  favourable  for  the  produAion  of  good  charcoal  than 
small  ones,  and  that  the  fire  in  the  centre  should  work  as 
slowly  as  possible,  for  it  is  the  rapid  charring  which  injures 
the  coal  in  the  middle  of  the  pit.  Most  of  the  brands  are 
generally  found  near  the  floor,  and  where  the  work  has  been 
good  they  amount  to  I-I2th  of  the  charcoal  in  large  pits, 
and  to  i-6th  in  small  ones ;  a  larger  amount  of  brands  shows 
bad  work. 

The  quantity  of  charcoal  thus  obtained  from  a  cord  of 
wood  varies  from  25  to  45  bushels.  If  the  wood  is  cut  and 
corded  during  the  winter  and  charred  in  summer,  a  skilful 
burner  wilt  obtain,  on  an  average,  40  bushels  of  good  char- 
coal from  a  cord.  There  are  many  circumstances  which 
tend  to  modify  the  amount  of  this  yield.  If  the  wood  is 
badly  chopped,  or  ill-trimmed  and  short,  or  the  measure  too 
small,  it  will  not  yield  well ;  green  wood  yields  badly,  and 
causes  weak  coal.  Coal  charred  in  winter  or  stormy  weather 
is  always  poor,  and  the  quantity  small.  Green  dust,  or  that 
which  cakes,  also  causes  weak  coal  and  a  bad  yield ;  light 
and  porous  dust  will  often  produce  good  coal,  though  in 
small  quantities.  The  best  dust  is  that  which  has  been  used 
for  a  few  brands,  and  is  well  mixed  with  small  coal.  A  heat 
that  is  too  strong  at  the  commencement  causes  weak  and 
small  coal,  and  if  continued  throughout  the  operation  always 
results  in  little  coal,  and  that  of  bad  quality.  Young  wood 
makes  a  stronger  coal  and  gives  a  better  yield  than  old  wood, 
provided  proper  care  is  taken  in  charring.  Careless  work- 
men invariably  make  but  little  coal,  and  if  they  are  inex- 
perienced also,  weak  coal  is  sure  to  be  produced. 

It  may  be  more  convenient  to  purchase  coal  by  measure 
than  by  weight,  but  certainly  this  is  not  the  most  correift 
method,  neither  is  it  the  best  for  either  seller  or  buyer.  Hard 
strong  coal  is,  in  all  smelting  operations,  of  greater  value 
than  soft  coal,  and  in  consequence  of  buying  coal  by  mea- 
sure, we  tempt  burners  to  make  soft  coal  and  much  of  it. 
On  the  other  hand,  as  there  is  but  little  difference  in  weight 
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in  strong  and  weak  coal,  it  is  certainly  more  advantageous 
to  the  smelter  that  it  should  be  strong.  In  all  cases  of 
charring,  no  matter  in  what  form,  or  by  what  means,  awell- 
conduifted  operation  will  furnish  from  so  to  23  lbs.  of  char- 
coal from  100  lbs.  of  seasoned  wood.  The  coal  may  be  weak 
or  strong,  but  neither  more  nor  less  than  the  above-men- 
tioned quantity  ought  to  be  produced.  Slow  charring  and 
low  heat  will  produce  the  largest  amount  of  coal,  but  it  will 
be  weak  ;  a  brisk  heat,  well  conducted,  will  furnish  less,  but 
will  make  a  strong  cosil.  This  determines  which  mode  of 
charring  is  the  most  profitable  to  the  smelter.  With  a  well- 
condutfted  operation  in  a  pit  containing  at  least  50  cords  of 
wood  the  yield  for  air>dried  wood  ought  to  be  in  the  propor- 
tion shown  in  the  following  table  : — 

Kind  of  Wood.  Yield  by  Weight.  Yield  by  UtMiltt. 

Oak  ...     23  per  cent.  74  per  cent. 

Beech    .     .     22         ,,  73         ,, 

Pine .     .     .     25         ,,  63         ,, 

A  cord  of  128  cubic  feet  of  oak  ought  to  furnish  64  bushels 
of  2600  cubic  inches  each ;  pine  wood  must  yield  54  bushels 
of  the  same  size.  This  measure  is  a<5lually  reached  by  good 
burners,  though  not  by  the  average  of  workmen.  The  best 
means  of  obtaining  a  large  yield  and  good  coal  is  by  using 
large  pits;  there  is  little  difficulty  in  making  50  bushels  of 
coal  in  a  pit  containing  200  cords  of  pine  wood,  or,  if  it  con- 
tains hard  wood,  60  bushels,  and  the  coal  may  be  as  strong 
as  the  yield  is  good. 

Overmann*  has  calculated  the  cost  of  making  charcoal  in 
America  in  pits  as  well  as  in  ovens,  both  of  which  methods 
are  carried  on  there  to  a  great  extent — 

"  On  examining  the  quantity  and  quality  of  charcoal  ob- 
tained by  either  method  of  charring,  we  find  that  local  cir- 
cumstances determine  which  is  best  to  adopt.  In  the  pit 
or  heap  we  can  obtain,  with  perfeft  regularity,  20  per  cent 
of  coal  from  seasoned  wood.  The  oven  will  not  make  more 
than  25  per  cent,  which  yield  may  be  reached  by  having  a 
heavy  cover,  and  with  slow  charring  in  the  pit.  So  far  kilns 
and  pits  are  nearly  on  an  equality  as  to  the  amount  of  the 

'  Overmann's  Treatiie  on  Metallurgy,  p.  370. 
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yield,  at  least  there  is  not  more  than  lo  per  cent  in  favour 
of  the  kiln.  The  wages  paid  for  charring  in  pits  where  the 
wood  is  delivered  is  from  i^  to  2  cents  per  bushel,  and  in 
ovens  it  is  about  |  to  i  cent  for  the  same  quantity.  If  a 
cord  of  wood  makes,  on  an  average,  40  bushels  in  the  pit 
and  45  in  the  kiln,  the  amount  in  the  kiln  cannot  be  regarded 
as  more  than  that  of  the  pit,  although  the  measure  may  be 
more,  because  the  coal  in  the  former  is  lighter  than  in  the 
latter.  The  transport  of  the  coal  from  the  woods  to  the 
furnace  yard  causes  a  loss  of  10  per  cent,  which  is  also  in 
favour  of  the  kiln.  All  the  advantages  of  the  kiln  over  the 
pit  amount  to  20  per  cent,  from  which  the  interest  of  the 
investment  in  ovens  is  to  be  dedutfted.  All  the  other  cir- 
cumstances are  equal,  for  the  wood  must  be  stored  under 
sheds  as  well  as  the  coal,  and  there  is  no  advantage  in  favour 
of  either.  If  40  bushels  is  the  capacity  of  the  pit,  and 
50  bushels  of  the  kiln,  we  gain  from  the  cord  of  wood,  by 
using  the  latter,  10  bushels  of  charcoal.  If  the  price  of  a 
cord  of  wood  is  40  cents,  which  may  be  considered  the  lowest, 
and  which  prevails  only  in  the  Western  and  Southern  States, 
one  bushel  of  charcoal  made  in  the  pit  will  cost  2|  cents,  or 
say  3  cents,  in  the  wood,  and  in  the  furnace  yard,  exclusive 
of  hauling,  3$  cents,  including  loss  ;  or  the  coal  from  a  cord 
of  wood  will  cost  I  dollar  and  41  cents.  Coal  made  from 
the  same  kind  of  wood  in  the  kiln  will  cost  90  cents  per  cord 
of  wood,  that  is,  the  wood  costs  40  cents  for  chopping  and 
lease,  and  the  charring  50  cents.  Here  are  51  cents  per  cord 
of  wood  gained  over  the  pit  in  the  furnace  yard,  or  nearly 
33  per  cent  in  favour  of  the  oven.  When  the  wood  is  in  the 
yard,  the  coal  of  the  pit  will  cost  but  3^  cents  per  bushel, 
or  1*30  dollars  per  cord  of  wood,  which  somewhat  reduces 
the  advantages  of  the  oven.  But  from  this  it  is  evident  that 
when  the  wood  is  at  the  furnace,  the  oven  is  decidedly 
preferable  to  the  pit.  If  the  wood  or  charcoal  has  to  be 
hauled  from  a  distance,  it  will  depend  on  that  distance  and 
the  means  of  transport,  whether  it  is  more  profitable  to  char 
in  ovens  or  in  pits.  At  the  lowest  price  of  wood  the  oven  is 
50  cents  more  profitable  per  cord  than  the  pit,  and  as  the 
coal  of  5  cords  of  wood,  say  4  cords,  is  equal  to  i  cord  of 
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wood  in  weight,  these  50  cents  taken  four  times  and  divided 
by  three,  or  66  cents,  is  the  price  which  may  be  paid  for 
hauling  one  cord  instead  of  the  coal  made  of  it.  If  the 
cartage  of  wood  costs  more  than  this,  there  is  no  advan- 
tage in  bringing  it  to  the  yard.  When  the  cost  of  a  cord  of 
wood  exceeds  40  cents  it  is  still  more  advantageous  to  use 
the  oven.  If  a  cord  of  wood  costs  2  dollars,  and  the  advan- 
tages, exclusive  of  labour,  are  20  per  cent,  which  makes 
40  cents  on  a  cord,  the  difference  in  wages  for  charring  being 
30  cents  on  a  cord,  the  price  paid  for  hauling  wood  instead 
of  coal  to  the  yard  may  be — 

*°*-3'''*  =  93  cents  on  the  cord, 

before  the  methods  become  equally  beneficial.  If  these 
favourable  circumstances  can  be  secured  in  carting  wood 
the  oven  has  its  advantages,  but  not  otherwise." 

The  above-stated  yield  of  charcoal  from  different  woods 
differs  with  various  investigators,  for  the  reason  that  it  is 
very  difficult  to  ascertain  the  exadt  cubical  measurement, 
and  also  because  the  yield  is  influenced  by  the  age  of  the 
wood,  its  state  of  moisture,  and  the  temperature  which  has 
been  employed  at  the  process  of  carbonisation.  When  rapid 
charring  at  a  quickly  raised  temperature  takes  place,  only 
12  or  16  per  cent  of  coal  is  produced,  while  the  yield  will 
amount  to  24  or  28  per  cent  when  the  temperature  is  slowly 
raised,  because,  at  a  rapidly  increased  temperature,  the  wateiy 
vapour  will  combine  with  a  part  of  the  carbon,  forming 
carbonic  oxide  gas  and  hydrogen ;  on  the  other  hand,  when 
the  process  is  carried  on  at  a  slowly  increased  temperature, 
the  greater  part  of  the  water  will  be  evaporated  before  car- 
bonisation commences.  The  greatest  yield  of  coal  will, 
therefore,  result  when  the  process  is  commenced  at  a  low 
temperature,  which,  towards  the  end,  is  gradually  increased. 

Violette  produced  from  30  to  45  per  cent  of  coal  from 
various  kinds  of  wood,  all  of  which  he  carbonised  at  an 
equal  temperature ;  this  proves  that  the  nature  of  the  wood 
also  exerts  an  influence  on  the  yield  of  coal. 

Good  charcoal  looks  bluish-black,  glistening,  and  has  a 
glossy  conchoidal  fracture.      Being  of  decreased  volume^  it 
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has  the  shape  and  stnidture  of  the  wood  from  which  it  was 
produced.*  When  struck  it  rings,  and  that  which  is  well 
charred  is  hard  and  does  not  soil  the  fingers  on  being 
fractured  afresh.  It  hums  steadily,  without  emitting  smoke, 
and,  when  in  small  pieces,  without  flame  also.  Large  pieces 
bum  at  the  commencement  with  alittle  shining  flame,  owing 
to  the  volatile  combustible  substances  which  the  coal 
contains  in  its  pores.  Compadt,  fresh  coal,  especially  that 
produced  from  larch  wood,  has  the  hurtful  property  of 
decrepitating,  and  producing  a  great  deal  of  small  coal.  The 
coal  yielded  by  very  porous,  young,  or  rotten  wood,  is  too 
loose  and  of  slight  heating  power.  Brands,  that  is  to  say, 
charcoal  which  is  not  perfedlly  carbonised,  have  also  a  con- 
choidal  fraflure,  some  glisten  and  do  not  soil  the  fingers, 
but,  when  broken  lengthwise,  they  appear  of  a  reddish 
colour,  do  not  ring,  have  a  greater  specific  gravity  than 
good  charcoal,  and,  on  burning,  give  the  more  flame  if  in  a 
very  raw  state.  For  some  purposes,  these  brands  arc  in- 
tentionally produced!  An  admixture  of  sand,  earth,  and 
stones,  contained  in  charcoal,  has  an  injurious  influence  on 
the  finery  process.  When  coal  of  this  kind  is  employed  for 
the  Lancashire  method  (vol.  ii.,  page  763)  it  is  sometimes 
stirred  with  water  in  a  deep  basin  immediately  before  being 
used. 

Charcoal  contains  more  or  less  cracks  in  all  dire^ions, 
but  they  most  frequently  run  from  the  centre  as  radii. 
Soft  coal  has  more  cracks  than  hard  coal. 

Even  the  most  compact  coal  is  friable ;  care  must,  there- 
fore, he  taken  not  to  store  it  in  too  high  heaps  ;  without  this 
precaution  the  loss  caused  will  amount  to  about  5  per  cent 
by  volume. 

Charcoal  is  more  difBcult  to  ignite  than  wood,  especially 
if  the  coal  is  compa(5t.  According  to  Berthier,  ignition  takes 
place  at  240°  C. ;  Reich  states  that  coal  of  pine  wood  ignites 
at  280*  C,  and  Violette  considers  370°  C.  to  bethe  tempera- 
ture at  which  charcoal  ignites. 

*  Haushann,  HoleknUrbeweguQgen,  JS56,  p.  66. 

t  DiNOL.,  Izviil.,  aog;  Ixix.,  396;  cix.,  137;  ex.,  1S9.  Bgwkfd.,  i.,  468. 
Ekdm.,  J.  f.  pr.  Cbem.,  vi.,  113.  Ann  d.  Min.,  3  «£r.  xiit.,  487 ;  nvi.,  657. 
Hausmahn,  Stud.,  iv.,  3S8. 
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Ignited  coal  glows  for  a  longer  or  shorter  period;  if  the 
coal  was  charred  at  high  temperature,  it  will  glow  for  a  short 
time  only.  The  conducing  power  of  heat  in  coal  increases 
with  the  temperature  at  which  the  coal  is  produced. 

Fresh  charcoal  absorbs  water  and  air  from  the  atmo- 
sphere, causing  it  usually  to  increase  in  weight  from  8  to 
15  per  cent,  according  to  the  compaAness  of  the  coal,  and 
both  a  very  loose  and  very  compadt  coal  increase  less  in 
weight  than  one  of  a  medium  compactness.  Messrs.  Allen 
and  Pepys"  found  that  by  a  week's  exposure  to  the  air,  the 
charcoal  of 

Lignum  vttx  gained      .     .       9*6  per  cent 
Fir  „      .     .     .     lyo       „ 

Box  ,,      .     .     .     14*0       ,, 

Beech  „      ...     16-3       „ 

Oak  ,.      .     .     .     16-5 

Mahogany  ,,      ...     i8"0        „ 

The  following  is  a  tabular  view  of  the  volumes  of  different 
gases  which  were  absorbed  in  the  course  of  twenty-four 
hours,  by  one  volume  of  charcoal,  in  the  experiments  of 
M.  Theodore  de  Saussure,  which  were  conducted  in  a  manner 
likely  to  produce  correifl  results.  Each  portion  of  charcoal 
was  heated  afresh  to  a  red  heat,  and  allowed  to  cool  under 
mercury.  When  taken  from  the  mercury,  it  was  instantly 
plunged  into  the  vessel  of  gas : — 

Ammoniacal  gas 90 

Muriatic  acid  gas 85 

Sulphurous  acid 65 

Sulphuretted  hydrogen 55 

Nitrous  oxide 40 

Carbonic  acid 35 

Bicarburetted  hydrogen 35 

Carbonic  oxide 9*42 

Oxygen 9-25 

Nitrogen 7*50 

Carburetted  hydrogen S'oo 

Hydrogen 175 

Fresh  charcoal  decrepitates  strongly  in  fire,  it  bums 
quickly,  and  protracts  the  fining  of  ptg-iron,  inducing  a  dry 

*  Ukb's  Diaioniry  of  Arts  and  Mine*,  vol.  i.,  p.  688. 
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and  burning  welding  heat.  If  the  application  of  such  coal 
is  necessary,  it  must  be  previously  moistened  with  water. 
Charcoal  which  has  been  stored  for  a  long  time  under  a  dry 
shelter*  is  more  effeftive  in  the  finery  process  than  fresh 
coal,  because  charcoal  absorbs  from  the  atmosphere  more 
oxygen  and  less  nitrogen. 

Violette  states  that  charcoal  absorbs  gases  and  moisture 
from  the  atmosphere  in  less  degree  if  produced  at  a  higher 
temperature. 

Charcoal,  for  ingtince,  prodaced  at  Absorbe 

150*  C,  21  per  cent 

250°  "  7      .. 

350    "  6      " 

450°  -  4      .- 

1500    ,,  2      „ 

Charcoal,  in  the  form  of  powder,  absorbs  twice  as  much 
water  as  when  in  pieces. 

Charcoal  kept  on  moist  ground,  or  in  contaifl  with  water, 
is  liable  to  absorb  two  or  three  times  its  own  weight  of  water ; 
when  this  is  the  case,  it  bums  slowly,  and  produces  little 
heat,  and  it  is  only  with  great  difficulty  that  the  absorbed 
water  can  again  be  removed. 

If  charcoal  is  stored  in  the  open  air,  it  is  put  into  pyra- 
midal heaps  on  raised  ground,  and  the  surface  of  the  heaps  is 
covered  with  large  pieces  to  prevent  the  rain  from  penetrating. 

Neumann,  who  made  many  experiments  on  charcoal,  in- 
forms us  that,  for  the  reduiftion  of  the  metallic  oxides,  the 
chareoal  of  the  heavier  woods,  such  as  oak  and  beech,  is 
preferable,  and  that,  for  common  fuel,  it  gives  the  greatest 
heat,  and  requires  the  most  plentiful  supply  of  air  to  keep  it 
burning,  while  that  of  the  lighter  woods  preserves  a  glowing 
heat  with  far  less  draught ;  and  that,  for  purposes  where  it 
is  desirable  to  have  a  steady  and  still  fire,  charcoal  which 
has  been  made  from  wood,  previously  divested  of  its  bark, 
should  be  employed,  since  it  ia  the  cortical  part  which 
crackles  and  flies  off  in  sparks  during  combustion,  while  the 
coal  of  wood  itself  seldom  does  so. 

*  Werlisch  in  Bgwkfd.,  iii.,  513.  Schebher's  MeUllorgie,  i.,  511. 
TuHHKK,  SUbeiMn-  nnd  Stahlbereituog,  i.,  aS. 
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The  Specific  Gravity  of  Charcoal. — Accepting  the  specific 
gravity  of  water  to  be  =  jooo,  that  of  all  the  various  woods 
in  powdered  state,  will  be  lai^er,  and  amount  to  about  15Z0. 
The  specific  gravity  of  charcoal  varies  with  the  temperature 
applied  in  the  process  of  carbonisation : — 

Temperature.  Specific  Gravity. 

150 — 370°  C.  1400 — 1500 

1500°  C.  2000 

According  to  Rumford,  the  specific  gravity  of  charcoal 
depends  on  that  of  the  wood  from  which  the  coal  was  pro- 
duced ;  wood  of  low  specific  gravity,  therefore,  yields  coal 
of  low  specific  gravity.  Hassenfratz  and  Werther's*  experi- 
ments have,  however,  shown  that  coal  from  soft  wood  may 
sometimes  have  greater  specific  gravity  than  that  from  bard 
wood. 

Storcht  considers  the  specific  gravity  of  charcoal  to  be  the 
indication  of  its  quality. 

Compact  charcoal  contains  more  carbon  than  an  equal 
volume  of  less  compact  coal,  and  has,  therefore,  a  greater 
heating  power  than  the  latter  if  combustion  is  carried  on 
with  a  sufficient  pressure  of  blast.  In  cases  where  no 
very  high  temperature  is  required,  in  finery  fires,  for  instance, 
less  compact  coal,  burnt  at  a  low  pressure  of  blast,  may 
economically  be  of  greater  advantage  than  the  more  compa(5t 
kinds  of  charcoal. 

Composition  of  Charcoal. — According  to  Violette,  J  char- 
coal produced  at  the  same  temperature  from  various  kinds 
of  wood  does  not  possess  the  same  elementary  composition, 
as,  for  instance,  the  amount  of  carbon  in  72  kinds  of  coal 
varied  by  15  per  cent.  The  composition  of  coal  does  not, 
therefore,  depend  only  on  the  temperature  of  the  process  of 
carbonisation,  but  also  on  the  nature  of  the  wood.  Even 
charcoal  produced  at  a  temperature  equal  to  the  fusion  point 
of  platinum  does  not  consist  of  pure  carbon,  but  has  the  fol- 
lowing composition : — 

■  Erdh.,  Joura.  f.  pr.  Chem.,  lii.,  21.     Polyt,  Centr.,  1854,  p.  143. 
t  Polyt.  Ccntr,,  1847,  p.  295. 

*  Dwai..,  ex.,  1S9;  cxxi.,  101;  cxiiii.,  117,  131,  185,  391.  B.  a.  h.  Zt^., 
iSj2,  p.  Z54.    Ekdu.,  Jouro.  I.  pr.  Chem.,  Bd.  67,  p.  385. 
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Carbon' 96*517 

Hydrogen o'633 

■Oxygen 0-936 

Ash  and  loss J'946 

The  composition  of  pine-wood  charcoal,  produced  at  a 
temperature  equal  to  the  fusing  point  of  antimony,  is  as 
follows,  the  coal  being  analysed  immediately  after  the  pro- 
cess of  carbonisation  was  ended  : — 

Carbon 8i'970 

Hydrogen 0*961 

Oxygen I5'250 

Ash i'i6o 

Whilst,  supposing  that  the  charcoal,  on  exposure  to  the 
atmosphere,  absorbs  16  per  cent  of  moisture  and  air,  its 
composition  will  be  thus — 

Carbon 70'45 

Hydrogen 1*68 

Oxygen i3'io 

Ash I'oo 

Air  and  moisture 13*76 

Common  charcoal  contains,  on  an  average,  3  per  cent  of 
ash  ;  and  when  kept  in  store,  from  10  to  20  per  cent,  or,  on 
an  average,  12  per  cent  of  hygroscopic  water. 

The  following  table  shows  the  heating  power  and  the 
specific  gravity*  of  various  kinds  of  charcoal : — 

Hcaliu  Powtr.  I  nut  in  iralfhl     s.u„.ia~ 

C  -  I.  ^Ch««il      l2S» 

Abtolute.  Spcdlc  pyiomctrlc  nda«*L««d.    '^™*"r- 

Black  charcoal,  perfeAly  diy, 

containingjpercentof  uh    0*97         —         3450  —  — 

Black     charcoal,     air-dried, 

containing  3  per  cent  of  Mb 

and   12  per  ceat  of  bygro- 

(copic  water     084        —        1363  —  — 

Birch  charcoal,  perfeAly  dry, 

coDtaining3  peicentof  aih     —         o-zo         —  33'7i  0*103 

Alh  charcoal,  peiftaljr  diy, 

containing3  per  cent  of  a»h     —         o-ig         —  —  o-ioo 

Bed  beech  charcoal,  perTeAJy 

dry, containing  3  per  cent  of 

„"••       —         018         —  33-57  0-187 

Red  pine  charcoal,  periedly 

dry, containing  3  per  cent  of 


'  Bgwkfd.,  xi.,  214.  Polyt.  Ceur.,  1S47,  p.  195.  Dinol^  slv.,  135 ; 
VOL.  III.  2  C 
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AbHlulc.  5p< 
Maple  charcoal,  p«rfe31y  dry, 

coatainiag  3  per  cent  of  ash    —  0'l6         — 

Oak  charcoal,   perfedlly  dry, 

containing  3  per  cent  of  ash    —  0-15         — 

Aider  charcoal,  perfei^Iy  dry, 

cootaioiog  3  per  cent  of  ash    —  o'i3         — 

Lime  charcoal,  perfeftly  diy, 

coQtainiDg  3  per  centof  ash    —  O'lO         — 

Fir    charcoal,   perfedily   dry, 

containing  3  per  cent  of  ash    —  —  — 

Willow    chaicoal.     perfeflly 

dry,  coDttuaiagspercent  or 

Perfeaiy  dry  red  charcoal  . .    —  —        aaBo 

Red  charcoal,  containing  10 
per  cent  of  molEture. ...      —  —         aigo 


i'^"  SKIS 


3374 

oijs 

33-40 

0-134 

3379 

<rio6 

33-33 

— 

33'49 


One  part  by  weight  of  the  different  kinds  of  charcoal 
heated,  on  an  average,  757  parts  of  water  from  0°  to  100°  C. 

According  to  this  table,  the  specific  heating  power  of  char- 
coal free  from  water  stands  in  direift  proportion  to  the  respec- 
tive specific  gravity,  and  is  lower  than  that  of  the  corre- 
sponding kinds  of  wood  ;  this  difference  will  be  the  larger  if 
the  wood,  on  carbonisation,  shrinks  to  a  great  extent.* 

Pradlical  Results. — With  regard  to  the  effedt  of  charcoal, 
the  following  experiments  have  been  made  in  praAice  : — 

1.  Equal  volumes  of  hard  charcoal  produces  greater  tem- 
perature than  soft  coal,  and  one  part  by  volume  of  hard  coal 
is  usually  considered  equal  in  effe(5t  to  i^  parts  of  soft  coal. 
There  is  little  difference  in  the  heating  power  if  equal  weights 
of  the  two  kinds  of  charcoal  are  employed,  although  soft 
charcoal  usually  has  somewhat  more  effeft,  as  it  is  more 
porous,  and,  consequently,  more  easily  combustible. 

2.  The  heating  power  of  charcoal  is  more  than  twice  as 
large  as  that  of  an  equal  weight  of  wood.  This  difference  is 
not  quite  so  large,  though  still  considerable,  if  we  compare 
charcoal  and  wpod  by  volume. 

3.  According  to  Karsten,  the  effeifl  of  charcoal  compared 
with  coke,  in  iron  blast  furnaces  which  are  carried  on  with 
hot  blast,  stands  in  the  following  proportion : — 

100  parts  in  volume  of  charcoal  =  40  parts  in  volume  of  coke. 
100        ,,   •  weight         ,,  =125      ,,       weight      „ 

*  Ebdu.,  J.  f.  pr.  Cbem.,  xvii.,  65 ;  Ivlii.,  319.    Polyt.  Centr.,  1853,  p.  694. 
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Thefollowing  is  the  proportion  when  pig-iron  is  re-melted  in 
cupola  furnaces  : — 

100  parts  in  volume  of  charcoal  =  22^-  parts  in  volume  of  coke. 
100        „      weight         „         =834      ,,       weight      ,, 

4.  Including  the  interstices,  the  following  is  the  absolute 
weight  of  various  kinds  of  charcoal* : — 

Cobic  FhI.  Charcoit.  Ibi. 

1)  Beecb  made  of  billet*  weighs  from   8 — g  (Heuian) 

„  „       thick  sticks   „  7 — 7)  „ 

Oalt  „       billets  „  7—8  „ 

Bticln  „  e— 61 

Soft  „  4i-5i 

Pine  ■.  si— 7  1. 

Hani  „  10 — lol  (Hanov.) 

6—61 

64  (Fmatian) 

14— '5  ". 

7-Si 
Fir 

Birch 

Fir  „  81— 10 

Beech  „  11—13  •• 

la— 13 

5.  According  to  Karmarsch.t  one  pound  (Hanoverian)  of 
beech  charcoal  evaporates  ii8  loth  (Hanoverian)  of  water, 
in  experiments  on  a  small  scale.  Experience  shows  that 
the  total  quantity  of  heat  produced  by  burning  one  pound  of 
charcoal,  gives  as  much  as  is  required  to  evaporate  13  lbs.  of 
water  of  23°  C,  therefore  little  more  than  a  quarter  of  the 
heat  produced  is  utilised.  The  loss  of  heat  in  well  con-, 
strufted  and  skilfully  managed  fire-places  for  heating  boilers 
amounts,  on  an  average,  to  i-6th  or  x-5th  ;  one  pound  of 
charcoal,  therefore,  really  evaporates  loj-  lbs.,  or  336  loth. 

6.  According  to  experiments  made  by  the  Society  for  Pro- 
moting Industry  in  the  Kingdom  of  Prussta,t  one  pound  of 
fir  charcoal  containing  io"5  per  cent  of  water,  and  27  per 
cent  of  ash,  converts  67S  lbs.  of  water  of  o"  C.  into  steam  of 
110°  to  115°  C,  and  this  coal,  when  perfedlly  dried,  and 
containing  3*02  per  cent  of  a^h,  converts  7*59  lbs.  of  water 
of  o'  C.  into  steam  of  110°  to  115°  C. 

*  Bgwkfd.,  i«.,  154, 

t  MitUmluDgen  dea  Qew.-Ver.  t  d.  KCnigr.  Hanover,  iSjj,  p.  313. 

X  Ibid.,  p.  307. 
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TURF. 

Turf*  or  peat  consists  of  vegetable  matter,  chiefly  of  the 
moss  family,  in  a  state  of  partial  decomposition,  caused  by 
the  aiflion  of  water;  this  substance  is,  at  the  present  time, 
being  formed  in  stagnant  water  in  which  plants  have  sunk 
to  the  bottom  after  they  have  dried,  in  consequence  of  the 
change  of  the  seasons  (page  298).  The  further  this  process 
of  decomposition  has  advanced,  the  richer  the  turf  will  be 
in  carbon,  the  darker  its  colour,  and  the  more  it  will  lose  the 
original  texture  of  the  plants.  The  dense  black  turf  which 
forms  the  lower  stratum  of  a  turf  moss  is  much  contaminated 
with  iron,  sulphur,  sand,  &c.,  and  is  sometimes  found  in  a 
pasty  state  (B^gertorf),  owing  to  its  standing  under  water ; 
the  lighter  turf  of  the  upper  strata,  though  nearly  pure 
vegetable  matter,  is  too  bulky  for  transportation,  and  too 
porous  for  manufadturing  purposes.  The  heating  power  of  the 
kinds  of  dense  turf  is  very  considerable,  even  exceeding  that  of 
many  varieties  of  brown  coal,  that  is,  calculating  by  weight, 
and  supposing  the  turf  to  be  air^dried. 

Karmarscht  has  classified  turf  according  to  age,  thus : — 

I.  Young  Turf,  of  white,  yellow,  brown,  or  black  colour, 
with  a  distin<5t  organic  strufture ; 

3.  Old  Turf,  of  darkish  brown  or  black  colour,  almost 
without  any  organic  texture,  and  rarely  containing  undecom- 
posed  woody  substances  ;  some  varieties  of  the  old  turf  show 
an  earthy  fra<5lure,  they  are  then  termed  earthy  turf  or 
"  Erdtorf;"  others  have  a  conchoidal  fraifture,  and  are  called 
pitch  turf  or  "  Pechtorf," 

*  MosBK,  Torrbetrieb  n.  Torfbenutiung  au(  eigenen  Erfahrungen  darge- 
■tellt,  1S40.  Papiub,  die  Lehre  vom  Torre.,  1S45.  Dohla,  Kurze  praaiahe 
Anleitung  uber  Torf,  &c.,  1837.  WlECK,  Torfbuchlein,  1839.  Leo,  dw 
gesammte  Torfwesen,  1S60.  Uebcr  Gewinnung  und  Benutzung  des  Torfi  in 
Baiem  :  Munchen,  bei  Wolf,  1839.  VooBi,,  der  Torf,  leine  Natur  aad 
Bedeutung ;  Muncben,  1S59.  WallaRd,  ober  Torf,  deiBea  Gewinnung, 
Trocknung,  und  Verkobtung.  Palyt.  Cencr.,  1855,  p.  iiiz.  Nos.  18,  31. 
S^h«.  Betgwerluztg,  1S54,  No.  i.  Tunner's  Lbob.,  Jahrb.,  iS6o,  p.  334. 
B.  u.  b.  Ztg.,  1854,  p.  43  ;  1857,  p.  195;  1858,  pp.  aSg,  149,  379. 

t  Mittbeiluogen  dei  Gew.-Ver.  t.  d.  Konigr.,  Hanovei,  1835,  p.  311 ;  1S40, 
P-  56  i  1853.  PP- i".  373- 
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The  following  table  shows  the  quality  of  these  varieties 
of  turf:— 

I  cubic  foot                                I  lb.        I  cubic  feoi  AmouBt 

(Huoveriu)      SpeciSc  ittpotuca  cnporUM  of 

wcifbi          GnTiv.  wVmt.          W^lcr.  Aih. 

Ibc  <Huo>.)                             laita.-              lb*.  per  cut. 

White  and  jellow  turf    6^14    o'ii3 — 0'i63  49 — 61  ifiS — lyjj  0-5 — 14 

Brown  and  black  turf    13 — 36     0340— «-676    5» — 73       aj — 67  0-5 — 14 

Earlhy  turf  ....     xi—48     0-410— 0900  .53 — 71         57—58  1-aj — 39 

Pitch  turf.     ....    33—55    o-6*o— io]o    s"— 73        57—59  «— 8 

The  figures  of  the  third  column  are  ascertained  by  means 
of  a  small  boiler  apparatus,  and  when  they  are  multiplied 
by  2^,  and  the  produifl  divided  by  I'i932,  that  quantity  of 
water  of  o"  C.  will  result,  which  may  be  converted  into  steam 
of  103' C.  on  a.  large  scale  by  burning  i  lb.  of  turf;  thus, 
light  turf  will  convert  from  2*89  to  3*59  lbs.  of  water,  light 
turf  formed  of  the  roots  of  plants  (Wurzeltorf)  from  3'09  to 
4'33  lbs.,  earthy  turf  from  3*13  to  4*29  lbs.  of  water,  and 
pitch  turf  from  3*42  to  4*33  lbs.,  or,  on  an  average,  3'35, 
3"8o,  3*69,  and  3'9i  lbs.  of  water  respedtively.t 

The  young  turf  which,  owing  to  its  contents  of  fibres, 
roots,  &c.,  has  sufficient  consistency,  is  cut  in  a  very  simple 
manner.  The  surface  matter  being  removed,  a  peculiar 
kind  of  spade,  called  a  slade,  is  employed.  This  is  a  long 
spade,  with  a  portion  of  the  blade  turned  up  at  right  an^es 
on  one  side.  With  this  the  turf  is  cut  out  in  the  shape  of 
thick  bricks.  The  earthy  kinds  of  turf  not  having  sufficient 
consistency,  are  pressed  into  moulds  ;  in  Ireland!  they  are 
treated  as  follows : — Immediately  after  being  dug,  the  turf 
is  triturated  under  revolving  edge  wheels,  faced  with  iron 
plates  perforated  all  over  their  surface  ;  it  is  forced  by  the 
pressure  through  these  apertures  till  it  becomes  a  species 
of  pulp,  which  is  freed  from  the  greater  part  of  its  moisture 
by  squeezing  in  an  hydraulic  press  between  layers  of  caya 
cloth  ;  the  turf  is  then  dried,  and  frequently  coked  in  suit- 
able ovens. 

At  Freudenberg  and  Buchscheiden,  in  Carinthia,  the  older 
earthy  turf  is  divided  with  hatchets,  a  large  quantity  of 


*  One  loik  is  equal  to  half  an  ounce. 

■I-  Miltheilungen.  d.  Han.  Gew.-Ver.,  1853,  p.  itj. 

^  Urk's  DiAionary  of  Aiti  and  Mines,  vol.  iii.,  p.  964. 
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water  ts  thrown  on  it,  it  is  then  kneaded  and  pressed  into 
moulds ;  the  resulting  bricks  shrink  a  great  deal  in  drying, 
and  then  form  a  dense  and  compadt  mass. 

Composition  of  Turf. — The  composition  and  properties 
of  turf  vary  far  more  than  those  of  wood,  and  this  diEference 
is  founded  less  on  the  nature  of  the  decayed  roots  and  plants 
than  on  the  various  foreign  admixtures,  the  variable  state 
of  compa(!lness,  and  the  degree  to  which  the  plants  in  the 
turf  are  modified.  Freshly  cut  turf  is  very  rich  in  water, 
and,  on  drying  in  the  atmosphere,  it  may  lose  above  45  per 
cent  of  its  weight.  Air-dried  turf  contains,  on  an  average, 
75  per  cent  compact  mass,  including  i  or  2  per  cent  of  ash 
and  25  per  cent  of  hygroscopic  water,  but  the  amount  of 
this  water  may  increase  up  to  50  per  cent. 

Karmarsch  considers  that  perfe<5tly  air-dried  turf  contains 
one-sixth  of  its  own  weight  of  water.    The  compact  turf 
substance  contains  on  an  average- 
Carbon      60*63  P«r  cent 

Hydrogen 6'04        „ 

Oxygen 33-32 

or,  supposing  all  the  oxygen  to  have  combined  with  hydro- 
gen so  as  to  form  water,  it  contains — 

Carbon 60  per  cent 

Hydrogen 2        „ 

Water  (chemically  combined)     38        ,, 
The  air-dried  turf  has,  therefore,  the  following  composition, 
without  taking  into  consideration  the  amount  of  ash  : — - 

Carbon 45"o  per  cent 

Hydrogen 1-5        „ 

Water  (chemically  combined)  aS'S  ,, 
Water  (hygroscopic)  .  .  .  25*0  ,, 
The  ash,  which  turf  may  contain  in  quantities  of  from 
I  to  30  per  cent,  and  even  more,  diflers  from  wood  ash  in 
that  it  contains  less  soluble  components,  and  either  no 
alkalies  at  all  or  only  small  quantities;  on  the  other  hand, 
it  contains  phosphoric  acid,*  sulphuric  acid,  silica  combined 
with  lime,  alumina,  peroxide  of  iron,  and  magnesia.  Ac- 
cording to  Vogel,  the  amount  of  silica  varies  from  a  few  per 

•  DiNOL.,  ciii.,  233. 
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cents  to  upwards  of  30  per  cent ;  that  of  carbonate  and  sul- 
phate of  lime  between  20  and  45  per  cent,  and  is  very  rarely  aa 
little  as  8  per  cent ;  that  of  magnesia  ranges  between  i  and 
10  per  cent,  and  sometimes  reaches  15  per  cent;  that  of 
alumina  is  usually  from  0*2  to  5  per  cent,  while  the  amount 
of  peroxide  of  iron  may  be  as  large  as  30  per  cent,  and  that 
of  phosphoric  acid  2-5  per  cent ;  alkalies  are  contained  in 
turf  from  mere  traces  up  to  3  per  cent. 

Turf  found  in  bogs  on  the  summits  of  high  mountains 
usually  contains  the  least  proportion  of  ash  ;  that  from  the 
Upper  Hartz,  for  instance,  contains  from  0*5  to  5  per  cent. 
Vohl*  has  compared  analyses  of  turf  ash  with  those  of  the 
ash  of  the  plants  of  which  turf  is  formed,  and  this  comparison 
has  led  him  to  the  conclusion  that  the  alkalies,  as  well  as 
a  great  proportion  of  the  silica,  become  separated  in  a  soluble 
state  in  the  process  of  decomposition  and  decay.  The  ash 
of  moss  turf  contained — 

Potash ^'°^7  P**"  •'*''* 

Soda 0*528       ,, 

whilst  the  ash  of  the  plants  from  which  the  turf  resulted 
contained — 

Potash 8*oi6  per  cent 

Soda i2'399        ,, 

The  value  and  adaptability  of  turf  depends  chiefly  on  the 
amount  of  water  it  contains,  and  also  on  its  density  or 
compaftness. 

For  this  reason,  freshly  cut  turf  is  dried  in  the  open  air 
(page  29S),  in  which  operation  the  turf  that  has  been  formed 
in  moulds  suffers  more  by  sun  and  rain  than  that  which  has 
been  cut.  The  best  air-dried  turf  still  contains  25  per  cent 
of  hygroscopic  water,  and,  if  otherwise  of  good  quality,  is 
well  adapted  for  the  produiilion  of  as  high  a  temperature  as  is 
required  for  puddling  furnaces.  If  the  produdlion  of  still 
higher  temperatures  is  intended,  such,  for  instance,  as  re- 
heating furnaces  require,  the  turf  must  be  dried  in  kilns,t  at 
a  temperature  of  from  100°  to  120°  (page  308).  In  this  pro- 
cess the  turf  loses  40  per  cent  of  its  weight,  nearly  50  per 

•  Polyt.  Centr.,  1859,  No.  8,  p.  529. 

i  Pkclbt,  uber  die  Wirme,  deutch  v.  Hartu.,  1S60,  Bd.  3.  p.  131. 
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cent  of  its  volume,  aad  is  rendered  very  hygroscopic.    Turf 
in  this  state  contains— 

Carbon 60  per  cent 

Hydrogen 2        „ 

Water  (hygroscopic  and  chemically  combined)  38  „ 
Marailly*  states  that  turf  undergoes  a  slight  decomposition 
at  a  temperature  of  110°  C,  which  increases  consider- 
ably at  a  temperature  of  aoo°  C. ;  a  fuel  of  increased  heating 
power  then  results,  but,  on  the  other  hand,  elements 
capable  of  producing  heat  are  lost.  It  is  therefore  most 
advantageous  to  dry  turf  at  a  temperature  not  exceeding 
100' C. 

Fresh  turf  freezes  at  a  temperature  of  from  —  I'to  —3°  C, 
and,  on  thawing,  does  not  contra^  to  a  smaller  volume,  but 
retains  its  extremely  porous  struifture ;  after  being  dried,  it 
is  very  light  and  friable,  and  has  but  little  heating  power. 
If,  however,  turf  has  been  dried  to  a  certain  degree,  cold 
win  no  longer  affedl  it. 

The  density  of  turf  is  very  variable,  but  is  never  so  great 
as  that  of  wood.  Turf  is  the  more  effedlive,  and  its  carriage 
the  cheaper,  the  more  compafl  it  is,  supposing  the  other 
properties  to  be  equal. 

The  following  methods,  in  the  wet  and  dry  way,  are  chiefly 
employed  to  condense  loose  turf.t 

a.  Condensing  Turf  without  Pressing  it. — When  turf 
is  condensed  in  the  wet  way  without  pressing  it,  it  is  tritu- 
rated either  by  treading  upon  it  with  the  feet,  by  kneading 
and  beating  with  iron  rods  (Holland,  North  Germany,  South 
Germany)  or  by  machines  (Haspelmoor,  Montauger,  Rheims, 
Sweden,  and  Ireland) ;  the  turf  is  thus  rendered  more  com- 
pact and,  consequently,  less  hygroscopic ;  it  also  dries  easier 
and  more  perfeiilly.  Turf  that  has  been  cut,  is  sometimes 
triturated  by  means  of  roUers.t  A  well-condutfted  tritura- 
tion condenses  turf  to  one-fourth  and  even  one-sixth  of  its 
original  volume,  and  perhaps  may,  therefore,  perfectly  re- 
place the  more  difficult  and  expensive  method  of  pressing. 

*  B.  a.  h.  Ztg.,  1S5S,  pp.  387,  3S1. 

t  Ibid.,  iSjS.  pp.  16S,  269.     Polyt.  CentT.,  1S58,  No.  14. 

;  Berggeitt,  i860.  No.  10, 
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In  order  to  facilitate  the  drying  of  the  triturated  turf,  it  is 
requisite  to  add  as  little  water  as  possible.  When  a  perfedl 
elutriation,  with  a  large  addition  of  water,  is  employed,  the 
specific  gravity  of  the  prepared  turf  wilt  increase,  but,  on  the 
other  hand,  the  turf  does  not  gain  in  consistency  and  heating 
power ;  the  expenses  are  also  considerably  greater,  and  it  is 
difficult  to  work  large  masses.  This  is  the  chief  reason  why 
Ester's  method  of  preparing  turf  has  been  abandoned  at 
Haspelmoor*  in  Bavaria. 

The  prepared  turf  is  best  dried  under  sheds,  and,  after 
drying,  it  is  less  inclined  to  absorb  water  again  than  the 
original  turf. 

This  method  of  preparation  is  particularly  well  adapted 
for  turf  of  older  formation,  which  contains  a  large  amount 
of  inorganic  substances.  It  is  employed  at  the  works  of 
M.  Challeton,  at  Montauger.t  in  France,  and  at  St.  Jean, 
in  Switzerland.  The  turf  is  here  triturated  by  machines 
containing  a  number  of  knives  ;  stones,  coarse  grains  of 
sand,  remains  of  wood,  &c.,  will  then  separate  in  water,  and 
the  purified  mass  is  made  to  pass  through  a  perforated  metal 
drum,  by  means  of  brushes,  thus  separating  .the  remaining 
roots  and  fibres.  The  fine  liquefied  mass  of  turf  is  now 
conducted  through  several  vessels,  thus  affording  an  oppor- 
tunity for  the  further  separation  of  fine  particles  of  sand  and 
earth,  and  effedting  a  perfeifl  mixture  of  the  particlesof  turf ; 
it  then  passes  into  a  large  number  of  basins,  about  lo  inches 
deep,.and  provided  with  bottoms  formed  of  wooden  planks, 
which  have  a  number  of  rifts,  or  small  clefts,  thus  allowing 
the  water  gradually  to  run  off.  After  the  lapse  of  a  few 
days,  the  turf  attains  sufficient  consistency ;  a  wooden 
lattice  work  is  then  pressed  into  the  mass,  which,  by  this 
mejins,  is  divided  into  bricks,  and  the  evaporation  of  water 
is  so  greatly  facilitated,  that  a  short  time  afterwards  the 
bricks  may  be  placed  at  the  side  of  the  basins,  in  order 
to  dry.  This  drying  must  not,  however,  be  effet^ed 
too  rapidly,  or  the  bricks  will  crumble  into  pieces;  reed 

*  VooBL,  der  Torf.  Muochen,  1B59,  p;  33.  B.u 

t  VooEL,  der  ToK.  Munchen,  1859,  pp.  41,  86. 

3iQ.     Zlschr.  d.  Ver.  deuuch  Jngen.,  ii.  Bd.,  Hit.  i 
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or  straw  is  therefore  laid  upon  the  bricks  to  prote£t 
them  both  from  the  sun  and  rain.  The  expenses  for  mani- 
pulation are  thus  considerably  increased. 

The  dry  turf  contains,  according  to  Challeton  : — 

Water I3"82  per  cent 

Ash ii'ig 

Carbon 74'99       .1 

and  its  absolute  heating  power  is  less  by  one-fifth  than  that 
of  coke.  The  shrinkage,  or  contra(5lion  of  the  turf,  amounts 
to  84  or  85  per  cent  by  volume. 

Hebert's'  method,  at  Rheims,  is  said  to  be  preferable  to 
that  of  Challeton.  Turf  is  also  condensed  in  the  wet  way 
at  Friesack.t 

The  method  of  preparing  turf,  practised  at  Staltach,  in 
Bavaria,is,  according  to  Vogel,|:  one  of  the  most  perfedt  in  use. 
The  turf  is  dug  in  the  pit  in  large  masses,  and  worked  into 
a  pulp  without  elutriation ;  it  is  then  formed  in  moulds  and 
dried,  first  in  the  air  under  sheds,  and  afterwards  artificially, 
by  Weber's  method  {page  318);  the  dry  turf  is  then  charred. 

At  LesjoforSill  in  Sweden,  the  wet  turf  is  triturated  in 
mills  with  water,  and  the  mass,  after  being  formed  into 
bricks,  is  dried  in  the  open  air. 

6.  Condensing  Turf  in  the  Wet  Way  by  means  of 
Pressure. — The  opinions  on  the  method  of  pressing  freshly 
cut  turf,  which  are  entertained  by  the  different  investigators, 
differ  widely  ;  this,  however,  may  be  explained  by  the  peculiar 
behaviour  of  the  various  kinds  of  turf.  Whilst  more  or  less 
favourable  results  are  obtained  in  the  treatment  of  the  light 
fibrous  turf,  the  earthy  kinds  present  great  difficulties,  as  the 
resistance  of  the  water  breaks  the  strongest  machines,  and 
line  particles  of  turf  are  also  pressed  out  along  with  the 
water.§      The  younger  kinds  of  turf  are,  therefore,  alone 

*  Voau.,  der  Torf.  Munchen,  1859,  p.  S8. 

t  B.  u.  h.  2tg.,  1858,  p.  3^2. 

I  DiNOL..  PoTyt.  Journ.,  lii.,  Hft.  4.  p.  273.    Polyt.  Centr.,  1860,  No.  2. 

Ij  Tuhner's  Leob.  Jabrb.,  1860,  p.  95. 

^  P01.BNZ,  Betchrcibun^  dcr  patentirten  Torrpresae,  1S3G.  Eresbv,  dsa 
Preuen  del  Torfe,  und  die  dabei  angcwaodten  MaEchinen,  I!l3g.  Dingl,  tii., 
4Z;lxvii,34.  Bgwkfd.,  iv.,  155  167,193,465;  v.,300;  vi.,  9a,  93  :  viL,  g), 
426;  viii.,1121  ix.,  193,541.  B.  u.  h.  Ztg.,  1846,  p.  jSSi  i8j9,p.6e;  1860, 
p.  244. 
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adapted  for  this  method,  aa  they  lose  part  of  their  water,  and 
attain  a  smaller  volume,  a  more  regular  shape,  and  more 
consistency.  It  is  an  advantage  not  to  press  more  than 
20  or  30  per  cent  of  water  from  turf  containing  from  70  to 
go  per  cent,  for  if  attempts  are  made  to  extract  a  greater 
quantity,  although  the  expenses  of  the  manipulation  of 
pressing  will  not  increase  in  the  diretfl  proportion  of 
the  quantity  of  water  that  has  been  pressed  out,  still  the 
progression  of  the  power  required)  and  the  outlay  of  time 
and  labour  necessitated,  will  be  enormous,  and  will  perfe<5tly 
outbalance  the  advantage  obtained.  Pressed  turf  dries 
quicker  in  favourable  weather  than  cut  turf,  but,  on  the 
other  hand,  it  absorbs,  in  proportion,  a  larger  quantity  of 
moisture  in  rainy  weather.  It  is  best  to  diy  pressed  turf  by 
artificial  heat.  The  heating  power  of  turf  does  not  increase 
in  diredt  proportion  with  the  degree  at  which  the  turf  has 
been  pressed ;  experiments  have  shown  that  turf  which  has 
been  strongly  pressed,  and  has  a  specific  gravity  exceeding 
that  of  water,  is,  in  its  heating  power,  from  5  to  10  per 
cent  inferior  to  other  kinds  of  prepared  turf,  which  had  a 
specific  gravity  of  o'9  at  the  very  highest ;  both  kinds  had 
the  same  degree  of  dryness.  On  this  point,  pressed  turf 
behaves  similarly  to  elutriated  turf,  and  for  this  reason, 
namely,  that  the  pressed  pieces  of  turf,  when  suddenly  put 
into  a  strong  fire,  superficially  undergo  a  rapid  decomposi- 
tion owing  to  the  hardness  of  their  surface,  while  the  air 
cannot  penetrate  into  the  interior  of  the  pieces,  and  conse- 
quently a  part  of  the  rapidly  evolved  combustible  gases 
escapes  without  being  burnt.  It  ia  an  erroneous  opinion 
that,  in  pressing,  larger  quantities  of  soluble  components  of 
turf  are  pressed'  out ;  this  may  be  the  case  with  the  very  fine 
particles,  but  even  this  may  be  counteradted  and  the  loss  re- 
duced to  a  minimum  by  pressing  the  turf  in  cloth. 

Mannhardt's  Method. — By  this  method,*  which  has 
recently  given  rise  to  great  expeiSations,  the  freshly  cut  turf 
is  made  to  pass  between  rolls,  6  feet  long,  in  which  operation 

*  Polyt.  Centr.,  1859,  p.  869.     Dihol..  Bd.  iji,  p.  236. 
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,  it  loses  60  per  cent  of  its  water,  and  forms  thin  plates, 
which  can  easily  be  dried. 

Lithuanian  Method. — This  method,  employed  m  Lithu- 
ania,* is  very  simple  and  inexpensive.  The  turf  is  ploughed, 
and  divided  by  being  frequently  turned,  and,  when  air-dried, 
it  is  pressed  into  cast-iron  moulds  by  means  of  a  rammer 
weighing  2  cwts.  This  pressed  turf,  and  the  charcoal  pro- 
duced from  it,  are  said  to  perfe^ly  replace  mineral  coal. 

c.  Condensing  Turi"  in  the  Dry  Way  by  means  of 
Pressure. — This  principle  was  first  introduced  by  Mr. 
Gwynne,  in  London,  and  has  also  been  employed  at  Haspel- 
moor  in  Bavaria.  It  consists  in  dividing  the  dried  turf,  and 
pressing  it  at  such  a  temperature  that  a  partial  carbonisation 
takes  place,  thus  evolving  tar,  which  serves  as  a  cement. 
The  material,  however,  attains  sufficient  consistency  without 
the  formation  of  tar.  Gwynne  dries  the  turf  in  a  centrifugal 
machine,  and  then  crushes  it  into  a  pulp,  which  is  freed  from 
water  by  higher  temperature ;  the  turf  is  afterwards  ground 
in  mills,  and  condensed  in  presses,  which  are  heated  with 
steam. 

The  resulting  produA,  namely,  solidified  peat,  is  said  to 
have  a  specific  gravity  of  i'i4,  and  its  heating  power  to 
amount  to  three-fifths  of  that  of  the  best  mineral  coal. 

Exter  has  introduced  Gwynne's  method  at  Haspelmoor,t 
with  various  modifications.  The  turf  is  raised  by  the  opera- 
tion of  ploughing,  and  the  process  of  drying  is  promoted  by 
harrowing  and  turning  the  turf  several  times ;  the  air-dried 
divided  turf  is  now  dried  in  rotating  sieves  of  wire,  by  means 
of  hot  air,  and  is  then  pressed  in  eccentric  presses,  which 
are  set  in  motion  by  steam  power.  The  resulting  bricks  are 
9^  inches  long,  3  inches  broad,  and  |  or  i  inch  thick ;  they 
weigh  from  12^  to  20  ounces,  and  their  original  volume  is 
reduced  to  one-fifth ;  i  cubic  foot  weighs  from  75  to  86  lbs. 

The  following  are  the  advantages  of  this  method: — The 
turf  may  be  rendered  as  dense  as  mineral  coal,  which  facili- 
tates its  transport ;  one  part  by  weight  of  coke  may  be  re- 
placed  by  less  than  two  parts  by  weight  of  pressed  turf;  the 

•  Allf 
t  B.V 
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Operation  of  drying  is  not  interrupted  by  the  weather,  and 
may  be  effedled  even  in  winter.  On  the  other  hand,  this 
kind  of  pressed  turf  is  not  fit  for  carbonisation,  as  in  this 
operation  it  will  disintegrate. 

At  the  iron  works  at  Weyherhammer,  in  Bavaria,  the 
iron  blast  furnaces  are  carried  on  with  a  mixture  of  two- 
thirds  of  charcoal  and  one-third  of  unpressed  turf,  and,  ac- 
cording to  Scheerer,"  it  was  only  possible  to  increase  the 
proportion  of  pressed  turf  to  half  of  that  which  was  not 
pressed,  as  otherwise  an  irregular  process  took  place. 

Although  it  is  possible  to  condense  the  best  turf  so  as  to 
have  the  specific  gravity  of  mineral  coal  {i'3  or  1*4),  and 
also  to  reduce  the  amount  of  water  in  turf  to  3  or  10  per  cent, 
still  it  is  impossible,  with  pressed  turf,  to  produce  the  quantity 
of  heat  which  is  yielded  by  an  equal  part  in  weight  of  mineral 
coal,  because  the  latter  is  richer  in  carbon  and  hydrogen. 
As  the  heating  power  of  both  kinds  of  fuel  stands  in  the 
proportion  of  about  z  to  1*4  or  1*5,  from  40  to  50  per  cent 
more  in  weight,  of  pressed  turf  than  of  mineral  coal,  would 
be  required  to  produce  the  same  effeift.  The  operation  of 
pressing  turf  is  also  liable  to  increase  the  percentage  of 
phosphorus. 

d.  Condensing  Turf  by  means  of  Centrifugal  Power. — 
This  method  is  free  from  many  of  the  difficulties  offered  by 
the  operation  of  pressing,  and  rapidly  produces  a  compact 
mass  ftt  for  further  treatment ;  but  the  attempts  which  have 
been  made  to  construe  an  apparatus  admitting  of  an  easy 
charging  and  discharging,  have  not  been  successful.  The 
best  apparatus  of  this  kind  is  that  construdted  by  Hebert, 
at  Rheims.t 

The  adaptability  of  turf  likewise  depends  on  the  amount 
and  nature  of  the  ash-forming  components.  The  amount  of 
ash  varies  between  ^  and  50  per  cent,  and  injures  the  in- 
flammability of  the  impure  kinds  of  turf,  which  contain  a 
large  quantity  of  it ;  the  ash  gives  rise  to  the  formation  of 
a  viscous  slag,  which  frequently  impairs  the  process,  chiefiy 

•  B.  u.  h.  Ztg.,  1859,  No.  a,  p.  15. 

t  VooBL,  der  Toif.  Muncben,  iSjg,  p.  83. 
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on  account  of  the  amount  of  phosphorus  and  sulphur  it  con- 
tains. The  sulphur  is  partly  contained  in  the  ash  as  sul- 
phuric acid  combined  with  lime,  and  partly  as  sulphide  of 
iron.  An  amount  of  phosphorus  and  sulphur  is  less  injurious 
when  the  turf  is  employed  in  reverberatory  furnaces,  where 
a  direct  contaift  with  the  melting  produA  does  not  take 
place. 

On  elutriating  turf,  part  of  the  inorganic  admixtures  may 
be  removed,  but  not  alumina. 

The  Use  of  Turf.— Air-dried  turf,  if  it  does  not  contain 
too  large  an  amount  of  ash,  is  well  adapted  for  those  Brings 
which  require  a  moderate  continued  temperature,  such,  for 
example,  as  those  for  heating  boilers  and  blast,  and  for 
cupelling  raw  lead,  &c.  Turf  in  raw  and  carbonised  state  is 
also  employed,  together  with  other  fuel,  in  iron  blast  fur- 
naces.* At  Ransko  in  Bohemia,  for  instance,  as  much  as 
75  per  cent  of  turf  is  used,  and  at  Weyherhammer  in  Bavaria 
about  one-third  of  the  fuel  consumed  is  turf.  Although  good 
turf  contains  the  carbon  in  a  more  concentrated  form  than 
wood,  its  application  in  iron  blast  furnaces  is  more  difficult, 
and  generally  more  expensive,  than  that  of  the  latter  fuel. 
The  most  important  use  to  which  turf  is  applied,  is  in  the 
puddling  and  re-heating  of  iron ;  when  employed  for  this 
purpose  it  is  previously  transformed  into  combustible  gas. 
The  large  puddling  works  at  Buchscheiden  ajid  Freudenbeig 
in  Carinthta,  are  entirely  based  upon  the  application  of  turf. 
Turf  is  less  applicable  in  lead  cupola  furnaces  ;t  in  a  kiln- 
dried  state  it  haa  also  been  used  in  the  Hart2  for  puddling 
iron.X 

Generally  speaking,  the  application  of  turf  in  cupola  fur- 
naces has  its  disadvantages,  for  the  reason  that  it  is  too 

•  Bgwkfd.,  i.,  375,  476 ;  iii.,  189,  315, 365 ;  iv.,  412 ;  vi„  283  ;  viii.,  163,  3»i. 
Laup.,  FortMhr.,  1S39,  p.  46.  Karst.,  Arch.,  vi.,  317.  Dinql.,  Izv.,  HA.  6; 
ilvi.,  loa;  Hx.,  470;  cxL,  318.  Erdm.,  J.  f.  6k.  u.  techn.  Chem.,  xii.,  337. 
B.  u.  h.  Ztg.,  1843,  pp.  441,  736,  83a ;  1845,  pp.  497,  337 ;  '843.  PP-  +4I1  73'  i 
iSjo,  p.  145;  1851,  p.  437;  1836, p.  375  i  i8j7,pp.  197, 193.  TuNNKK's  Jahib., 
1854,  p.  236;  1B57,  p.  131. 

t  Kbki,,  Obei^arzet  HuttenproceiK,  1S60,  p.  339. 

t  BgwUa.,  xiii.,39i  xvi.,  430.  B.  D.  b.  Ztg.,  1844,  p.  3791  1849,  p.  8r. 
DiHOL.,  ami.,  153 :  cxxxii.,  173. 
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friable,  and  frequently  contains  too  lai^e  an  amount  of  ash. 
Irregularities  in  the  process  are  induced  by  the  strong  con- 
traAion  which  turf  undergoes  on  being  carbonised,  and  the 
carbonisation  absorbs  a  large  quantity  of  heat  which  is  lost 
to  the  process. 

Vogel  considers  the  common  lighter  kinds  of  turf  of  0*25 
or  0"35  specific  gravity,  and  containing  from  25  to  36  per 
cent  of  water,  to  be  inferior  as  fuel  to  the  most  inferior  kinds 
of  mineral  and  brown  coal,  and  they  can  have  little  advan- 
ti^  over  wood,  except  when  their  price  is  very  low. 

The  better  kinds  of  turf,  even  if  containing  25  per  cent  of 
water,  surpass  the  common  air-dried  wood  in  heating  power, 
but  only  a  few  kinds  of  very  superior  turf  approach  in 
their  effedl  the  medium  kinds  of  mineral  coal.  Turf  that 
has  been  well  prepared  and  dried,  can,  in  many  cases,  compete 
with  the  other  species  of  fuel. 

It  is  always  the  amount  of  water  which  chiefly  inSuences 
the  heating  power  of  turf,  and  a  few  per  cents  of  water  are 
sometimes  sufficient  to  impair  the  results  of  combustion  with 
turf,  which  otherwise  is  of  good  quality.  It  is,  therefore, 
difficult  to  calculate  the  value  of  turf.  When  it  is  bought 
by  weight,  not  only  is  the  amount  of  water  paid  for,  but 
the  heating  power  is  also  impaired,  and  when  bought  by 
volume,  it  is  the  inferior  kinds  of  turf  which  are  the  most 
voluminous. 

Turf,  in  bricks  of  a  certain  si^e,  and  a  certain  degree  of 
dryness,  may  be  bought  by  the  number  of  bricks,  a  mode 
which  is  sufficiently  safe  in  praAice.  When  wishing  to 
compare  the  effeft  of  various  kinds  of  turf,  it  will  be  re- 
quisite to  know  the  relative  weight  of  each  sort  after  having 
expelled  all  the  water,  and  also  to  ascertain  its  amount  of 
ash.  For  practical  metallurgical  purposes,  it  will  not  here 
be  necessary  to  take  into  consideration  those  influences 
which  a  large  amount  of  ash  exerts  in  the  process  of  com- 
bustion, or  those  differences  which  consist  iq  the  variable 
composition  of  turf  itself. 

The  following  table  shows  the  heating  power  of  turf, 
which  depends  less  on  the  amount  of  ash  than  on  that  of 
water : — 
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Turf  (not  perfedtly  air-dried)  con- 
taining 30  per  cent  of  hygroscopic 
water  and  10  per  cent  of  ash    .     ,     0'37  1575°  C. 

Beat  air-dried  turf,  containing  25  per 
cent  of  hygroscopic  water  and  no 

ash o'47  1750°  C. 

Kiln-dried  turf,  without  hygroscopic 
water,  and  containing  15  per  cent 

of  ash o*55  1975'  C. 

Best  kiln-dried  turf,  without  hygro- 
scopic water  and  without  ash  .  .  o'65  2000°  C. 
According  to  these  results,  the  absolute  heating  power  of  the 
best  air-dried  turf  is  a  little  inferior  to  that  of  kiln-dried 
wood,  but  in  kiln-dried  turf  the  absolute  heating  power  is 
superior  to  that  of  kiln-dried  wood.  The  specific  heating 
power,  which  depends  on  the  amount  of  water  and  ash,  and 
the  state  of  compaiflness  in  the  best  kinds  of  turf,  is  on  an 
equality  with  that  of  air<dried  wood,  and,  in  some  cases, 
surpasses  it. 

The  Pyrometric  Heating  Power  of  moist  turf  containing 
ash  is  inferior  to  that  of  air-dried  wood,  but  in  kiln-dried 
turf  the  pyrometric  heating  power  is  greater  than  in  kiln- 
dned  wood. 

According  to  Berthier,*  the  following  results  were  obtained 
from  peat : — 

Pounds  of  Water 
8o„«otO„P....  ,ft.Jrp'S.t,„ 


From  Troyes 


18- 1 


Department  de  la  Somme  .    .     .    27*9 

„  ,,         de  la  Mame    .     .     .    29*2 

,,  „         de  la  Vosges   .     .    .    34*9 

„  ,,         des  Landes      .     .     .    34*6 

Peat    obtained  from  the  Bog  of  Allen   (Ireland)  gave, 

according  to  Griffith — 

Poandi  of  Water 
heited  from 
0°  to   100'   C. 

Upper  peat 62*7 

Lower  peat 56-6 

Pressed  peat aS'o  (?) 

*  Urx'b  DiOionai?  of  Arti  and  Mine*,  vol  ii.,  p.  403. 
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Winkler  gives  26-9  as  the  evaporative  power  of  the  worst 
peat  from  the  Erzgebirge  in  Saxony,  and  42*6  as  that  of  the 
best. 

The  difTerent  kinds  of  turf  reduce  of  lead — 

Part*  in  Wright. 
French  turf,  according  to  Berthier  ....       8— 15"3 
Irish  turf,  „  Griffith    ....     25 — ay'o 

„       (pressed)  ,,  „         ....         13*7 

Turf  from    the    Erzgebirge,    according    to 

Winkler* irg—iSS 

Turf  from  the  Upper  Hartz,  containing  from 

o'5  to  5  per  cent  of  ash Ii — 18*0 

Practical  Results. — The  following  results  have  been 
obtained  concerning  the  application  of  turf: — 

1.  Karmarsch  ascertained  that  the  absolute  heating  power 
of  the  different  kinds  of  turf,  compared  to  pine  wood,  stands 
in  the  following  proportion : — 

Iba.  Ibi. 

1000    yellow  turf  =  946    air^dried  pine-wood. 
1000    brown     „  =1076        „  „ 

1000   earthy    „  =1040        „  ,, 

1000    pitch      „  =rio7        „  „ 

Cubic  Feet,  Cubic  Feet. 

1000   yellow    „  =  332  pine  wood. 
1000    brown     ,,  =  897         „ 
1000    earthy    „  =1446         „ 
1000    pitch      „  =1843         „ 
These  results  closely  correspond  with  those  obtained  by 
the  Society  for  Promoting  Industry  in  Prussia. 

2.  On  the  Dublin  steamers,  it  has  been  observed  that  51  lbs. 
of  good  turf  evaporate  i  cubic  foot  of  water,  and  7"6i  lbs. 
replace  i  lb.  of  coke. 

3.  According  to  Williams,t  two  parts  by  weight  of  turf 
are  equal  to  one  part  of  mineral  coal,  and  the  former  are 
consumed  in  the  fire-place  in  half  the  time  required  for  the 
latter.  In  burning  turf,  the  grate  bars  must  lie  deeper,  and 
fresh  air  must  be  admitted  behind  the  fire-bridge. 

4.  According  to  Karsten,  in  boiling  processes,  four  parts  by 

t  WiNKLAR,  nber  ZuB«mmentetznng,  Wetthverh&ltniBH  UDd  VerkohlungB- 
fahigkrit  der  voroehmateo  Torfeoften  deg  •ichsilcbei)  ErzgeUrgei,  1840. 
*  DiHGL.,  Ixxii.,  31,  lag,  389 1  Ixxiv.,  107.     Polyt.  Centr,,  1846,  p.  301. 
VOL.   III.  2  D 
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volume  of  turf  replace  one  part  of  mineral  coat,  and  2|-  lbs. 
replace  i  lb.  of  coal. 

5.  Rose  states  that  1000  bricks  of  best  elutriated  turf  re- 
place 72  cubic  feet  of  fir-wood,  and  a  little  more  than  54  cubic 
feet  of  hard  wood. 

6.  According  to  Winkler,  1800  lbs.  of  floated  wood  are 
equal  in  effeift  to  1294  lbs.  of  best  turf,  containing  i  per  cent 
of  ash,  54*2  per  cent  of  carbon,  and  43"8  per  cent  of  water. 

7.  Eiselen  ascertained  that  loS  cubic  feet  of  fir-wood  are 
equal  in  effeft  to— 

154  cubic  feet  of  turf  of  best  quality. 
203  „  „        medium  „ 

303     •    If  >.        worst      „ 

8.  According  to  Heeren,  144  cubic  feet  of  beech  wood 
replace  570  cubic  feet  of  the  lightest  turf,  each  cubic  foot 
weighing  8  lbs.,  270  cubic  feet  of  medium  turf  weighing 
10  lbs.  each,  and  150  cubic  feet  of  best  turf,  12  lbs.  each  ; 
144  cubic  feet  of  pine  wood  replace  460,  220,  and  125  cubic 
feet  respeftively. 

9.  Brix  ascertained  that  too  lbs.  of  turf,  containing  from 
24'5  to  38*3  per  cent  of  water,  evaporated  from  281  to  343  lbs. 
of  water. 

10.  According  to  Vogel,  air-dried  fibrous  turf  from  the 
neighbourhood  of  Munich,*  containing  from  23  to  30,  20, 
and  from  5  to  10  per  cent  of  water,  evaporates  3-0 — ^3*5, 
4'o — 4'5,  and  5*0 — 5*5  parts  of  water  respeiflively.  Good 
turf  prepared  by  machines,  when  air-dried  and  having 
a  specific  gravity  of  o*6,  evaporates  from  4-5  to  6'0  of  water, 
and  from  5"o  to  5'5  parts  of  water  when  perfedlly  dry. 
Well-pressed  turf,  containing  from  lo  to  13  per  cent  of  water, 
and  having  a  specific  gravity  of  i'i5,  evaporates  from  5'8  to 
6*0  parts  of  water. 

11.  On  the  Bavarian  railways,  10  cubic  feet  <^  wood, 
i7'9  cubic  feet  of  turf,  and  67*7  lbs.  of  coke  are  consumed, 
on  an  average,  for  one  hour's  drive. 

12.  The  following  table  contains  Tunner'st  theoretical 


•  B.  o.  h.  Ztg..  1858,  p.  351.    Oeiteir.  Zttchr.,  1857,  No.  44. 
f  TuKHBD'a  Lbob.,  Jabrb.,  iS6o,  p.  113. 
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calculation,  comparing  different  kinds  of  turf  with  wood 
and  charcoal ; — 

Heating  Power. 
Absolate.  Pyiometric, 

Dry  turf  without  ash 0"65  2210°  C. 

„       containing  4  per  cent  of  ash  0-63  2200°  C. 
„            „         13            „  0'58  2180'  C. 
„          -  „        30            „  o'45  2x50°  C. 
Turf  containing  25  per  cent  of  hy- 
groscopic water ........  0*47  2000°  C. 

Turf  containing  30  per  cent  of  hy- 
groscopic water o'4l  1820°  C. 

Turf  containing  50  per  cent  of  hy- 
groscopic water o"27  1600'  C. 

Dry  wood  without  hygroscopic  water  o"47  2000°  C. 
Wood  containing  20  per  cent  of  hy- 
groscopic water .     ......  0*36  1800°  C. 

Dry   charcoal  without   hygroscopic 

water o"97  2430*  C. 

Charcoal  containing  12  per  cent  of 

h^roscopic  water 0*85  2380°  C. 

Charcoal  containing  18  per  cent  of  * 

hygroscopic  water 0*87  3340*  C. 

Ir  this  calculation  it  has  been  supposed  that  the  turfy 
substance  is  composed  of — 

Carbon 6o'oo  per  cent 

Hydrogen 6*22         „ 

Oxygen 3378        „ 

and  that  wood  contains  i  per  cent  of  ash,  and  charcoal  3  per 
cent. 

ii'  In  Ure's  "  Diiflionary,"  vol.  iii.,  page  3S1,  it  is  stated 
that,  notwithstanding  its  extreme  variations,  we  may  yet 
establish  the  ordinary  constitution  of  turf  with  sufficient 
certainty  for  praifttcal  use  ;  and  from  the  average  specimens 
of  turf  seleAed  from  various  localities,  the  following  results 
have  been  obtained  :— 

The  caloric  power  of  dry  turf  is  about  half  that  of  coal ;  it 
jnelds.when  ignited  with  lead,  about  fourteen  times  its  weight 
of  lead.  The  power  is,  however,  immensely  diminished  in 
ordinary  use  by  the  water  which  is  allowed  to  remain  in  its 
texture,  and  from  which,  on  account  of  the  spongy  chara<5ter 
of  its  mass,  it  is  very  difficult  to  free  it.     There  is  nothing 
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which  requires  more  attention  than  the  coUeftion  and  pre- 
paration of  turf ;  indeed,  for  pradlical  purposes,  this  valuable 
fuel  is  absolutely  spoiled  by  the  manner  in  which  it  is  now 
prepared  in  Irejand.  It  is  cut  in  a  wet  season  of  the  year, 
and,  while  drying,  is  left  exposed  to  the  weather ;  hence,  in 
reality,  it  is  not  dried  at  all.  It  is  very  usual  to  find  the  turf  of 
commerce  contain  one-fourth  of  its  weight  of  water,  although 
it  then  feels  dry  to  the  touch.  But  let  us  examine  what  affects 
the  caloric  power,  i  lb.  of  dry  turf  will  evaporate  6  lbs.  of 
water ;  now,  in  i  lb.  of  turf,  as  usually  found,  there  are 
i  lb.  of  diy  turf,  and  J  lb.  of  water.  The  |  lb.  can  only 
evaporate  4}-  lbs.  of  water;  but  out  of  this  it  must  first 
evaporate  the  i  lb.  contained  in  its  mass,  and  hence  the 
water,  boiled  away  by  such  turf,  is  reduced  to  4^-  lbs.  The 
loss  is  here  30  per  cent,  a  proportion  which  makes  all  the 
difference  between  a  good  fuel  and  one  almost  unfit  for  use. 
When  turf  is  dried  in  the  air  under  cover,  it  still  retains  one- 
tenth  of  its  weight  of  water,  which  reduces  its  caloric  power 
12  percent;  i  lb.  of  such  turf  evaporates  5J  lbs.  of  water. 
This  effedt  is  sufficient,  however,  for  the  great  majority  of 
objeiits ;  the  further  desiccation  is  too  expensive  and  too 
troublesome  to  be  used,  except  in  special  cases. 

The  characteristic  fault  of  turf  as  a  fuel  is  its  want  of 
density,  which  renders  it  difficult  to  concentrate,  within  a 
limited  space,  the  quantity  of  heat  necessary  for  many 
operations.  The  manner  of  heating  by  turf  is,  indeed,  just 
the  opposite  to  that  by  anthracite.  The  turf  yields  a  vast 
body  of  volatile,  inflammable  ingredients,  which  pass  into 
the  flues  and  chimney,  and  thus  distribute  the  heat  of  com- 
bustion over  a  great  space,  whilst  in  no  one  point  is  the 
heat  intense.  Hence  for  flaming  fires  turf  is  applicable ; 
there  is,  however,  as  experiments  made  on  Dartmoor  prove, 
some  liability  to  that  burning  away  of  the  metal  which 
may  arise  from  the  local  intensity  of  turf.  If  requisite,  it  is 
quite  possible  to  obtain  a  very  intense  heat  with  turf. 

It  has  been  the  objeA  of  many  to  remove  the  porosity  and 
elasticity  of  turf,  so  that  it  may  assume  the  solidity  of  coal, 
and,  for  this  purpose,  mechanical  and  other  processes  have 
been  proposed.     It  has  been  found  that  the  elasticity  of  the 
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turf  fibre  presents  great  obstacles  to  compression,  and  the 
black  turf,  which  is  not  fibrous,  is  of  itself  sufficiently  dense. 

Turf  Charcoal. 

Turf  charcoal*  has  not  obtained  a  general  application  in 
pradlice,  although  numerous  attempts  have  been  made,  from 
time  to  time,  to  bring  it  into  use  for  smelting  iron,  and  other 
metallurgical  processes.  As  far  back  as  1712,  we  were  told  by 
Carlowitz,  that  peat  was  charred  in  piles  or  stacks  as  wood 
is.  Vogel  informs  us  that,  in  1735,  peat  charcoal  was  made 
in  the  Hartz.  Numerous  experiments  have  been  made  on 
the  Continent  to  produce  a  charcoal  from  peat  which 
should  answer  the  requirements  of  metallurgy  ;  none,  how- 
ever, appear  to  have  been  entirely  successful.  Within  the  last 
few  years,  experiments  have  been  made  in  Ireland  to  smelt  the 
hfematite  iron  ore  of  Cumberland  with  peat  charcoal.  The 
exaift  results  of  these  experiments  have  not  been  made 
known,  but  it  is  certain  they  did  not  promise  to  be  com- 
mercially successful,  and  the  idea  has  long  since  been 
abandoned. 

Peat  is  usually  charred  by  methods  similar  to  those  em- 
ployed for  the  carbonisation  of  wood. 

The  most  economical  carbonisation  of  turf  is  that  carried 
on  in  heaps,  in  the  same  manner  as  that  of  wood.  The  sods 
must  be  regularly  arranged,  and  laid  as  close  as  possible ; 
they  are  the  better  for  being  large,  15  inches  long,  by  6  broad 
and  5  deep.  The  heaps,  built  hemispherically,  should  be 
smaller  in  size  than  the  heaps  of  wood  usually  are.  In 
general,  5,000  or  6,000  large  sods  may  go  to  the  heap,  which 
will  thus  contain  1,500  cubic  feet.  The  mass  must  be 
aHowed  to  heap  more  than  is  necessary  for  wood,  and  the 

*  Urb's  DifUonaiy  of  Arts  and  Minei,  vol.  iii.,  p.  sSa.  BgwkAl.,  i.,  313, 
338.  374;  "i-.  "4!  '"••  '93.  aio;  v.,  428;  vi.,  491  j  Tii.,  393,  410;  x.,  173, 
355i  SOSi*"-.  3*Oi3"i635-  Dimol.,  Ixxxvi.,  389;  Ixxxiii.,  347;  cxv.,  418. 
Erdh.,  J.  f.  pt.  Cbem.,  ii.,io;  xiv.,  408.  B.  a.  h.  Ztg.,  iS44,p.  43  ;  i^Si, 
p.  iSs  ;  1S34,  p.  167.  Pulyt.  Centr.,  1838,  p.  449.  Jahrb.,  f.d.  Oacht.  Berg-  u. 
Hutlcnmann.,  1827,  p.  193 ;  1840,  p.  8(i.  Karst.,  Arch.,  i  R.,  vi.  427.  Mit- 
tlirilungen  dea  Gew.-Ver.  f.  d.  K&nigr.:  Hanover,  1846,  p.  71.  Voobi.,  det 
Tor/.,  1859,  p.  103. 
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process  requires  to  be  very  careftdly  attended  to,  on  account 
of  the  extreme  combustibility  of  the  charcoal.  The  quantity 
of  charcoal  obtained  in  this  mode  of  carbonisation  is  from 
25  to  30  per  cent  of  the  weight  of  dry  turf. 

For  many  industrial  uses,  the  charcoal  so  prepared  is  too 
light,  as,  generally  speaking,  it  is  only  with  fuel  of  consider- 
able density  that  the  most  intense  heat  can  be  produced ; 
but  by  coking  compressed  turf  the  resulting  charcoal  may 
attain  a  density  of  1*040,  which  is  farsuperior  to  wood  char- 
coal, and  even  equal  to  that  of  the  best  coke  made  from  coal. 
As  to  caloric  efTedls,  turf  charcoal  is  about  the  same  as  coal 
coke,  and  little  inferior  to  wood  charcoal. 

It  is  especially  important,  in  the  preparation  of  charcoal 
from  turf,  that  the  material  should  be  selected  as  free  as 
possible  from  earthy  impurities,  for  all  such  are  concentrated 
in  the  coke,  which  may  be  thereby  rendered  of  compara- 
tively little  value.  Hence,  the  coke  from  surface  turf  con- 
tains less  than  10  per  cent  of  ash,  whilst  that  of  dense  turf 
of  lower  strata  contains  from  20  to  30  per  cent,  and  even 
more.  This  latter  quantity  might  render  it  altogether  unfit 
for  practical  purposes.  100  lbs.  of  dry  peat,  according  to 
Messrs.  Ronalds  and  Richardson,  leave  21  lbs.  of  ash,  and 
produce  47  lbs.  of  charcoal;  those  47  lbs,  of  peat  charcoal 
contain,  therefore,  21  lbs.,  or  45  per  cent  of  ash. 

When  turf  is  charred  by  being  heated  in  close  vessels,  loss 
is  avoided,  but  it  is  expensive,  and  there  is  no  compensation 
in  the  distilled  liquors,  which  do  not  contain  acetic  acid  in 
any  quantity.  The  tar  is  often  small  in  proportion,  hence 
the  charcoal  is  the  only  valuable  produft.  Its  quantity 
varies  from  30  to  40  per  cent  of  diy  turf.  The  produifls  of 
the  distillation  of  1157  lbs.  of  turf  were  found  by  Blavier  to 
be — Charcoal,  474  lbs.,  or  41  percent;  watery  liquid,  226  lbs., 
or  ig*3  per  cent ;  gaseous  matter,  450  lbs.,  or  39  per  cent ; 
and  tar,  7  lbs.,  or  6  per  cent ;  but  the  proportion  of  tar  is 
variable,  sometimes  reaching  24*5  per  cent  when  the  turf  is 
coked  in  close  vessels. 

On  Dartmoor,  the  peat  is  cut  by  the  convifls,  working  in 
gangs ;  and  being  dried,  it  is  carefully  stored  in  one  of  the 
old  prisons.    From  this  peat,  by  a  most  simple  process,  gas 
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is  made,  with  which  the  prisons  at  Prince  Town  are  lighted. 
The  illuminating  power  of  this  gaa  is  very  high.  The  char- 
coal left  after  the  separation  of  the  gas  is  used  in  the  same 
establishment  for  fuel  and  for  sanitary  purposes,  and  the 
ashes  eventually  go  to  improve  the  cultivated  lands  of  that 
bleak  region.  Attempts  were  made  here  many  years  since 
to  distil  the  peat  for  naphtha,  parafGn,  &c.,  but  the  experi- 
ments not  proving  successful,  the  establishment  was 
abandoned. 

Experiments  of  a  similar  charaAer  have  been  made  in 
Ireland,  especially  by  a  company  working  under  the  patents 
of  Mr.  Rees  Reece.  A  Government  commission  made  their 
report  on  these  experiments. 

The  objea  being  to  ascertain  the  necessary  faAs  regarding 
the  produ(5ts  of  commercial  value,  the  following  was  the 
course  pursued : — 

Specimens  of  turf,  representing  the  several  ordinary 
varieties,  were  separately  experimented  on,  and  the  results 
examined. 

The  products  of  the  distillation  were  colleiAed  as — 

1.  Charcoal. 

2.  Tar. 

3.  Watery  liquids. 

4.  Gases. 

The  relative  quantities  produced  by  100  parts  of  peat  were 
found  to  be — 


Average. 

Uaxiinnm. 

Hinintmn. 

Charcoal    .     .    . 

.     29'222 

39-133 

18-973 

Tarry  produdls    . 

.       2787 
■     31-378 

4-417 

i'462 

Watery  produffts. 

38-127 

3i-8ig 

Gases    .... 

.     36-616 

57-746 

25-018 

.  The  peats  yielding  the  above  proportions  of  produdts  have 
been  found  to  contain,  previous  to  distillation,  as  dried  in 
the  air,  a  quantity  of  hygrometric  moisture,  and  to  yield  a 
proportion  of  ashes  in  100  parts,  as  follows : — 

Average.  Maximum.         Minimum. 

Moisture     .     .     19-71  29-56  16-39 

Ash    ....      3-43  7-90  1*99 

The  following  tables  give  the  percentages  of  carbon,  &c., 
in  different  varieties  of  peat : — 
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Vulcaire,  Long,         Champ  de  Fer, 

near  Abbeville,   near  Abbeville,    near  Pramont. 

Carbon  .    .    .    60-40  60*89  61-05 

Hydrogen  .     .      s'go  6'3i  6*45 

Oxygen  .    .    .    33-64  32-90  32-30 

Ash,  in  100  parts     5*58  4-61  5*33 

Friealand.  Friealand.  i:i„ti._j 

CompadTurf.     Surface  Turf.        "o""""- 

Carbon  .     .     .     59"42  60*41  59'37 

Hydrogen  .    .      5-87  5*57  5*41 

Oxygen .     .     .     34-7I  34-02  35'32 

Ash,  in  100  parts     j-80  0*91  I4'25 

The  following  results  were  obtained  by  Sir  Robert  Kane, 
from  peats  from  the  Irish  bogs,  and  published  in  the 
"  Proceedings  of  the  Royal  Irish  Academy  :" — 


KllbcEju,, 

Kilbaha, 

,n"?ffiS 

in  Clare. 

Carbon  .     . 

.      61-04 

5I'I3 

5105 

Hydrogen  . 

.        667 

6-33 

6-85 

Oxygen  .     . 

•    30'45 

34-48 

39-55 

.      183 

8-o6 

2-25 

The  determination  of  charcoal  and  volatile  matters  found  in 
peat,  in  the  following  table,  are — i,  from  Rue,  in  the  Depart- 
ment of  Sommc  j  2,  from  Abbeville,  by  Berthier ;  3,  from 
Vaucluse,  by  Dtday ;  4,  from  S^cheral,  by  Sauvage  ;  5,  from 
Kildare ;  6,  from  Kilbeggan ;  7,  from  Kilbaha ;  and  8,  from 
Cappoge,  by  Sir  Robert  Kane : — 

I.  II.  III.  IV. 

Charcoal  .  .  .  21*0  23*0  17*3  22*0 
Volatile  matter.  .  72*0  72*2  65-3  39-2 
Ash 7-0         4-8        17-4  8-3 

V.  VI.  VII.  VIII. 

Charcoal      .     .     .    23*82      22*67      ^9'^4      23*65 
Volatile  matter.     .     73-63      75-50      72-80      70*10 

Ash 2*55        1*83        8*06        6*24 

The  several  produAs  of  the  distillation  were  then  specially 
examined.  Sir  Robert  Kane  (Director  of  the  Museum  of 
Irish  Industry]  and  Dr.  Sullivan  conducted  the  examination, 
and  the  following  is  an  extraiJt  from  their  report,  as  far  as 
it  relates  to  the  employment  of  turf  for  metallurgical 
purposes : — 
"The  investigation  proved  satisfaAorily  that  the  peat, 
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by  destruAtve  distillation  in  close  vessels,  yielded  several 
produifls  that  were  identical,  or  closely  analogous,  to  those 
afiorded  in  the  distillation  of  wood  or  coal.  The  process  in 
close  retorts,  however,  was  not  at  all  what  had  been  pro- 
posed, nor  was  it  economically  pradlicable  for  commercial 
purposes ;  tliis  being  the  case,  it  was  necessary  to  determine 
whether  the  same  varieties  of  peat,  distilled  in  a  blast  fur- 
nace, with  a  current  of  air,  so  that  the  heat  necessaiy  for 
the  distillation  was  produced  by  the  combustion  of  the  peat 
itself,  would  furnish  the  same  produdts,  and  whether  in 
greater  or  in  less  quantities  than  in  the  process  in  close 
vessels. 

"For  this  purpose,  the  cylinder,  which,  in  the  former 
series  of  experiments,  had  been  set  horizontally  in  the  fur- 
nace, was  placed  vertically,  and  was  surrounded  by  brick- 
work, its  month  projefting  a  little  at  the  top,  so  that  the 
tube  for  conveying  away  the  produifls  of  the  distillation 
passed  horizontally  from  the  top  of  the  brickwork  casing  to 
the  condensing  apparatus.  Near  the  bottom  of  the  cylinder, 
the  brickwork  left  a  space,  where  the  cylinder  was  perforated 
by  an  aperture  i^  inches  in  diameter,  to  which  the  tube  of 
a  large  forge  bellows  was  adapted.  The  arrangement  thus 
represented  nearly  the  construAion  of  an  iron  cupola.  The 
cylinder  being  charged  with  peat,  of  which  some  lighted 
fragments  were  first  introduced,  and  the  blast  being  put  on, 
the  combustion  spread,  and  the  cover  of  the  cylinder  being 
screwed  down,  the  distillation  proceeded;  the  products  passing 
.  with  the  current  of  air  into  the  series  of  condensing  vessels, 
and  the  gases  and  air  being  finally  conducted  by  a  waste 
pipe  to  the  ash-pit  of  a  furnace,  where  they  were  allowed  to 
escape. 

By  this  means,  a  satisfaiftory  representation  of  the  con- 
dition of  air-blast  distillation  of  peat,  which  has  been  proposed 
as  the  commercial  process,  was  obtained  on  a  moderate 
scale." 

Sir  Robert  Kane,  amongst  others,  draws  the  following 
conclusions : — ■ 

"  That  the  economy  introduced  in  the  treatment  of  the 
tarry  and  watery  produfts  of  pit  distillation  consists  partly 
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in  the  utilisation  of  the  waste  gases  from  the  condensing 
pipes,  so  as  to  supersede  the  use  of  other  fuel,  by  burning 
the  gas  in  jets  under  the  steam  boilers,  evaporating  pans,  &c., 
and  that  this  economy  is  of  the  most  important  character, 
and  appears  more  than  any  other  condition  to  influence  the 
probable  success  of  the  manufafture  on  the  lai^  scale ;  that, 
therefore,  the  amount  of  advantage  derived  from  similar 
employment  of  gases  in  iron-smelting  works,  will  deserve 
careful  comparison,  and  that  it  will  be  necessary  particularly 
to  take  into  account  the  difference  of  combustibility  of 
gaseous  mixtures  when  very  hot,  as  when  from  an  iron  fur- 
nace, and  when  quite  cold,  as  from  the  condensing  apparatus 
of  a  peat  blast  furnace." 

At  Crouy,  upon  the  Ourcq,*  near  Meaux,  there  is  a  well 
construifted  kiln  for  making  turf  charcoal.  It  closely  re- 
sembles a  tar-kiln,  and  is  represented  in  Fig.  73.    a  is  the 


FiO.  73. 


cylindrical  coking  place,  whose  surrounding  walls  are  heated 
by  the  flame  which  passes  through  the  intermediate  space,  b. 
The  place  itself  is  divided  by  partitions  of  Are  tiles  into 
three  stages,  through  the  apertures  of  which  the  flame  of 


s  Diftionary  of  Arts  and  Mines,  vol. '.,  p.  e£6. 
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the  fire,  c,  c,  rises,  and  heats  the  exterior  of  the  coking 
apartment.  In  order  to  confine  the  heat,  there  is  in  the 
inclosing  walls  of  the  outer  kiln  a  cylindrical  hollow  space,  d, 
where  the  air  is  kept  stagnant.  Through  the  apertures  left 
in  the  upper  end  at  «,  the  turf  is  introduced  ;  they  are  then 
shut  with  an  iron  plate,  /,  which  is  covered  with  ashes  and 
sand.  The  fire-place  opens  above  this  aperture,  and  its 
outlet  is  provided  with  a  movable  iron  cover,  g,  in  which 
there  is  a  small  hole  for  the  issue  of  the  gases.  The  sole  of 
the  kiln  consists  of  a  cast-iron  slab,  k,  which  may  be  raised 
by  means  of  a  hook,  t,  upon  it.  This  is  drawn  back  after 
the  carbonisation  is  completed,  whereupon  the  charcoal  falls 
from  the  coking  space  into  a  subjacent  vault.  The  volatile 
pFodui5ts  are  carried  off  by  the  pipe,  k,  and  led  into  the  con- 
densing cistern,  the  gases  escaping  to  the  fire-place,  where 
they  are  burned.  The  iron  slab  is  protedted  from  the 
corrosion  of  the  acid  vapours  by  a  layer  of  coal  ashes. 

In  1849,  Mr.  Vignoles  patented  a  process  for  charring  peat 
by  steam  superheated  to  the  melting  point  of  tin  or  lead. 
Pulped  peat  is  thrown  in  mass  into  a  cylindrical  drum-shaped 
vessel,  divided,  if  necessary,  into  compartments,  which  is 
caused  to  revolve  with  great  rapidity  upon  an  axis — the 
velocity  requisite  being  such  as  shall  drive  off  the  water  or 
other  fluid  from  the  solid  parts  of  the  peat  or  turf  by  centri- 
fugal force.  When  all  the  water  is  removed  from  the  peat 
by  this  process,  and  it  is  in  a  coherent  mass,  it  is  removed 
and  moulded  into  blocks.  These  blocks  are  put  into  large 
cylindricalironvessels,  into  which  steam  at  from  45  to  60  lbs. 
pressure  per  square  inch  is  admitted,  after  a  process  of  super- 
heating, by  traversing  iron  tubes  heated  to  bright  redness. 
This  process,  although  strongly  recommended,  has  never 
come  into  pra<ftical  use. 

Rogers  adopted  in  Ireland  a  system  of  diying  and  carbon- 
ising peat,  which  was  for  some  time  carried  forward  with 
much  promise  of  success.  Green  produced  a  draught  of  hot 
air  through  a  drying  house  by  means  of  chimneys  and  fires. 
He  then  distilled  the  dry  peat  in  wrought-iron  cylinders, 
similar  to  those  employed  in  making  illuminating  gas. 
Notwithstanding  all  the  attempts  which  have  been  made 
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to  utilise  peat  charcoal,  not  one  process  has  been  carried  out 
(1866)  on  a  lai^e  scale. 

Praiftical  Results-^According  to  Scheerer,  the  most  in- 
ferior kind  of  turf  charcoal,  containing  10  per  cent  of  hygro- 
scopic moisture  and  56  per  cent  of  ash,  has  an  absolute 
heating  power  of  0*85,  and  a  pyrometric  heating  power  of 
2050°  C,  while  the  best  turf  charcoal  containing  10  per  cent 
of  hygroscopic  water  and  4  per  cent  of  ash,  has  0*33  and 
2350°  C.  respefJlIvely.  The  absolute  and  specific  beating 
power  of  turf  charcoal  is,  therefore,  nearly  equal  to  that  of 
wood  charcoal. 

Berthier  states  that  turf  charcoal  reduces  from  17*7  to 
26  parts  of  lead,  and  heats  from  40*1  to  58*9  parts  of  water 
of  0°  up  to  100°  C.  According  to  later  experiments  made  by 
the  Society  for  Promoting  Industry  in  Prussia,  i  lb.  of  turf 
charcoal,  containing,  on  an  average,  5*4  per  cent  of  water 
and  3*40  per  cent  of  ash,  converts  6-68  lbs.  of  water  of  0°  C. 
into  steam  of  from  110°  to  115°  C,  and  turf  charcoal,  con- 
taining no  water  and  3*59  per  cent  of  ash,  converts  7'zo  lbs. 
of  water  into  such  steam. 

According  to  Stockhardt,*  equal  quantities  of  fuel  evapo- 
rate the  following  quantities  of  water : — 

Charcoal 189 

Mineral  coal  from  Saxony 179 

Turf  charcoal 170 

Turf  from  Saxony 102 

Pine  wood 81 

100  lbs.  of  charcoal  may,  therefore,  be  replaced  by — 

ib«. 

Mineral  coal 105 

Turf  charcoal 113 

Turf  in  bricks 188 

Pine  wood 234 

Turf  charcoal  has  also  been  employed  for  the  manufa<fture 
of  artificial  fuel.t 

Concerning  its  application,  OvermannJ  states  as  follows: — 
"  Peat  charcoal  has  peculiar  advantages  for  welding  steel 

■  Bgwkfd.,  ii.,  553- 

t  Ibid..  iy.,aio;x.,  253- 

I  Overuann'b  Treatise  on  Metallurgy,  p.  374.. 
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and  iron,  and  excels  all  other  fuel  in  this  respedt.  It  facili- 
tates the  welding  of  steel  to  steel,  or  steel  to  iron,  or  working 
of  small  iron,  and  causes  the  adhesion  of  the  metal.  It  is 
impossible  to  account  for  this  peculiar  effedl,  except  by  the 
composition  of  its  ash,  which  consists  chiefly  of  lime,  clay, 
oxide  of  iron,  silica,  a.  large  quantity  of  phosphate  of  lime, 
and  a  little  gypsum  ;  these  substances  form  a  very  fusible 
slag.  It  is  the  phosphorus  which,  by  combining  with  iron 
or  steel,  causes  it  to  be  fusible  and  suitable  for  welding. 
This  peculiarity  of  the  ash  of  turf  is  injurious  to  pig-iron, 
which  is  cold-short  in  all  cases  when  smelted  by  turf,  but  it 
may  be  advantageous  in  smelting  lead  ores,  particularly 
those  refrai5loiy  lead  ores  which  are  smelted  for  silver." 

BROWN   COAL. 

Brown  coal*  is  an  older  formation  than  turf,  but  it  is  of 
later  date  than  the  true  carboniferous  strata  belonging  to 
the  tertiary  period. 

According  to  the  physical  properties  and  the  date  of  for- 
mation, both  of  which  are  conneifled,  brown  coal  may  be 
classified  thus : — 

I.  Lignite,  that  is  to  say,  fossil,  fibrous  wood,  which  has 
undergone  one  of  the  changes  leading  towards  the  formation 
of  coal,  but  still  retains  the  vegetable  texture,  and  has  a  dark 
colour  ;  its  specific  weight  is  1*5. 

If  wood  is  buried  in  moist  earth,  carbonic  acid  is  produced 
from  the  elements  of  the  wood,  which  is  changed  into  either 
lignite  or  brown  coal.  These  two  substances  differ  chemi- 
cally from  each  other.  Lignite  yields,  by  dry  distillation, 
acetic  acid  and  acetate  of  ammonia,  whereas  coal  produces 
only  an  ammoniacal  liquor.  Woody  fibre  gives  rise  to  acetic 
acid ;  lignite  must,  therefore,  still  contain  undecomposed 
woody  fibre. 

*  Erdm.,  Joam.  f.  pr.  Chem.,  x.,  47.  Bgwkfd.,  vii.,  449 ;  x.,  44S ;  xiii..  No. 
33 ;  XV.,  343.  Polyt.  CcDlr.,  1851,  p.  356.  B.  n.  h.  Zlg.,  1852,  pp.  8r,  107. 
Ztacbrft.  f.  i.  Berg-  HQlten-  aai  SaJinenwesen  in  PrenMen,  1853,  {.,  Sa. 
DiNGL.,  civi.,  T03,  T13.  LiGBio,  Jahresber.,  1849,  P>  7^-  Knapf,  Chem. 
Tecbn.,  i.,  16.  BiscHOFF,  Cbein.  n.  Phyi.  Geologic,  ii.,  1755.  Urb's  Dic- 
tiooaiy  of  Ant  and  Mioei,  vol.  i.,  495  ;   vol.  ii.,  S70. 
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The  following  table  gives  the  composition  of  several  well- 
known  lignites : — 

Cutxn.  Hydioien.      ud       Euth;       Chemlit. 
Nltfoctn.  MUMT. 

From  Uttweiler   .    .    .  77*9  2*6  19*5  i*o  Kaxstea. 

„      Hungary    .     .     .  67*3  4-3  —  0*8  Nendtwich. 

„     the  Rhone  .    .     .  72'z  4*9  20*1  1*8  Regnault. 

„     Meissner    .    .     .  68'6  5-9  19-0  2-3  Griiger. 

„     Bovey  Heathfleld   67-9  5-8  24*8  —    Vaux. 

3.  Bituminous  Wood,  which  more  nearly  approaches 
mineral  coal  than  wood. 

3.  Earthy  Brown  Coal,  which  is  more  or  less  darkish 
brown,  and  contains  a  considerable  amount  of  ash.  Its 
specific  gravity  is  i'3  ;  it  sometimes  contains  roots,  leaves, 
twigs,  and  pieces  of  wood  in  admixture.  This  earthy  kind 
of  brown  coal  is  now  and  then  pressed  into  moulds,  so  as  to 
form  bricks,  which  then  are  dried. 

4.  Common  Conchoidal  Brown  Coal. — In  this  kind 
of  brown  coal  all  organic  stnii5ture  has  disappeared,  and 
some  varieties  are  called  pitch  coal,  from  their  strong 
resemblance  to  the  well-known  jet,  from  which  they  diff<£r, 
however,  in  having  a  less  deep  black  colour  and  a  fainter 
lustre.*  Brown  coal  becomes  transformed  into  pitch 
coal  by  merely  drying  it  in  the  atmospfaere.f  Brown  coal 
differs  from  mineral  coal  in  showing  a  red  streak  when 
scratched  with  a  sharp  instrument,  and  in  producing  a  brown 
solution  when  treated  with  caustic  potash,  neither  of  which 
circumstances  occur  with  mineral  coal.  When  brown  coal 
is  ignited  by  means  of  a  blowpipe,  it  continues  to  bum,  which 
also  constitutes  a  difference  between  it  and  mineral  coal. 
The  specific  gravity  of  the  conchoidal  variety  is  1*2. 

The  following  are  the  chief  brown  coal  mines  of  Europe: — 
Throughout  the  German  Zollverein,  in  the  year  1863,  the 

brown  coal  produced  in  843  collieries  yielded  109,189,899  cwts., 

valued  at  5,061,241  thalers. 

A  variety  of  brown  coal,  called  the  paper  coal  of  Rott, 

near  Bonn,  and  of  Erpel  on  the  Rhine,  contains  numerous 

*  Polyt.  Cenir.,  1849,  p.  114S.    Lkokh.,  Jahrb.,  1849,  p.  536. 
f  BgwItTd.,  xii.,  385. 
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remains  of  fresh-water  fish,  Leuciscus  papyracens,  and  of  frogs, 
Palaeophrygnos  grandipes.  The  ashes  of  this  coal  are  also 
rich  in  infusorial  remains. 

In  Saxony,  much  of  the  brown  coal  is  collected  on  or  near 
the  surface.  This  is  much  finer  than  that  from  the  pits, 
and  is  made  up  like  peat  in  moulds  in  the  shape  of  bricks. 

Bohemia  produces  a  large  quantity  of  brown  coal,  306,345 
tons  of  which  were  brought,  in  1S64,  into  Berlin  market. 

At  Steieregg  in  Southern  Styria,  brown  coal  occurs  in  the 
form  of  a  basin,  and  has  been  opened  out  over  a  distance  of 
more  than  two  miles.  The  coal,  from  8  to  16  feet  thick,  is 
of  good  quality.  It  contains  from  g  to  14  per  cent  of  water, 
and  leaves  from  5  to  12  per  cent  of  ash  after  combustion. 
The  following  is  an  analysis  of  a  variety  from  Oregon : — 

Volatile  matter 49-5 

Fixed  carbon 42*9 

Ash 27 

Water '  4*9 

Nassau  produces  lignite,  a  bituminous  wood  preserving  the 
ligneous  structure,  pseudoligniU,  in  which  the  woody  stniiiture 
is  more  or  less  obliterated,  meerkokl  (literally  sea  coat),  a 
miry  earthy  coal  resembling  turf,  and  blatterkohl  (literally 
leaf  coat),  a  dark  coloured  aggregate  of  decomposed  leaves. 

Switzerland,  Italy,  and  Greece  also  produce  more  or  less 
brown  coal. 

In  this  country,  with  the  single  exception  of  the  Bovey 
Heathfield  formation,  which  is  used  in  the  adjoining  pottery, 
lignite  is  not  employed,  and  in  America,  also,  brown  coal  is 
not  used  for  metallurgical  purposes. 

Chemical  Composition  of  Brown  Coal. — The  chemical 

composition*  varies  with  the  age  of  the  brown  coal,  and 

according  to  its  proportion  of  ash  and  water.     The  following 

is  the  average  composition  of  the  compact  organic  mass : — 

C«rbon.    HTdrogen.    Oxygen. 

Fibrous  browm  coal      60  5  35 

Earthy  „  70  5  25 

Conchoidal   „  75  5  20 

■  E«DH.,  Jonni.  f.  pr.  Ch.,  vi.,  agg,  336 ;  xiii.,  io8;  xix.,  478;  xxiii.,  352. 
Bgwkfd.,  xi.,  143.     Knapp,  Chem.  Tecbn.,  i.,  18. 
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or,  supposing  all  the  oxygen  to  be  combined  with  hydrogen 
for  the  formation  of  water — 

Carbon.     Hyarogen.    Water. 

Fibrous  brown  coal      60  i  39 

Earthy  „  70  a  28 

Conchoidal  „  75  3  22 

The  amount  of  ash  in  brown  coal  varies  from  o'5  to  about 
50  per  cent,  but  usually  averages  between  5  and  10  per  cent. 
The  chief  components  of  the  ash  are  alumina,  peroxide  of 
iron  and  manganese,  magnesia,  lime  and  silica,  and  some- 
times it  also  contains  alkalies  and  chlorine.  It  differs  from 
the  ash  of  turf  in  usually  containing  no  phosphoric  acid, 
instead  of  which  a  considerable  proportion  of  sulphuric  acid 
is  frequently  found  in  it,  owing  to  pyrites  which  very  often 
contaminate  the  brown  coal. 

The  following  is  the  amount  of  ash  contained  in  brown 
coal  from  djfferent  localities  : — 

Brown  coal  from  Bohemia.     .  .  i'5o—  yo  per  cent. 

„  „  Bavaria   ,     .  .  3'4o— lo'O  „ 

,,  ,,  Hesse      ,     .  .  o'8i — 15*5  „ 

»  ir  France     .     .  .  3*oo— l3"o  ,, 

„  ,,  Rhenish  Prussia  O'go — 58*0  „ 

,,  „  Halberstadt  .  2*00 —  5"o  „ 

„  „  Brunswick  .  .  7*80 —  8*4  ,, 

,,  ,,  Duingen .     .  .  3-00 — 55*0  „ 

Slate  and  loam  intermixed  with  brown  coal  may  be  removed 
by  washing. 

The  raised  coat  at  Pnivali  in  Carinthia  is  thrown  into 
sieves,  and  thus  sorted.  The  smaller  pieces  of  less  than 
I  cubic  inch  then  fall  into  a  gutter  containing  a  stream  of 
water,  which  conducts  them  to  other  sieves  having  280  holes 
per  square  foot.  In  this  manner  the  small  coal  of  about 
^  cubic  size  is  likewise  puri&ed  from  slate  and  loam  and 
assorted ;  the  sieves  for  this  purpose  contain  350  holes  per 
square  foot. 

The  hygroscopic  water  in  freshly  raised  brown  coal  may 
amount  to  50  per  cent,  and,  on  an  average,  to  20  per  cent 
in  air-dried  coal,  which  has,  therefore,  about  the  following 
composition  : — 
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Carbon.    Hydrogen. 

Fibrous  brown  coal     48  i  31  20 

Earthy  „  56  2  32  3o 

Conchoidal   „  60       "      3  17  20 

Employment  of  Brown  Coal. — Brown  coal  burns  with 
an  unpleasant  em  pyre  umatic  odour,  and  produces  a  strongly 
smoking  flame,  which  has  little  heating  power.  The  length 
of  the  flame  is  between  that  of  wood  and  of  mineral  coal. 
In  heating  with  brown  coal,  the  effeft  is  produced  more  by 
the  flame  than  by  the  glowing  coals  which  remain.  The  in- 
jurious amount  of  water,  which  forms  an  integral  compo- 
nent of  brown  coa!,  may  be  somewhat  lessened  in  effedl  by 
keeping  the  fire-place  very  hot.  Experience  has  proved  that 
fresh  brown  coal  is  preferable  to  that  which  has  been  stored, 
as  the  latter,  when  kept  for  a  long  time,  undergoes  a  slow 
combustion,  even  if  it  contains  no  pyrites,  and  thus  loses  in 
heating  power ,-  the  combustion  may  sometimes  increase  ao 
much  as  to  ignite  the  coal.*  Brown  coal  is  not  fit  to  be 
carried  a  long  distance ;  it  also  disintegrates  when  exposed 
for  some  length  of  time  to  the  air,  as  well  as  when  artificially 
dried.t  It  must  never,  therefore,  be  kept  long,  and  must  be 
stored  under  shelter,  and  in  the  shade.  It  most  cases,  lig- 
nites are  only  artificially  dried  for  the  purpose  of  producing 
higher  degrees  of  temperature.  It  has  sometimes  been  found 
advantageous  to  compress  the  earthy  kinds  of  brown  coal,]: 
but  only  the  very  best  kinds  are  capable  of  producing  a  tem- 
perature of  more  than  2000°  C. 

According  to  Scheerer,  the  various  kinds  of  brown  coal 
produce  the  following  heating  powers : — 

VinMiMofBmwnCMl.                 ^'IX^^.  P"  «"■  A"**'-  Specif.  Pyrom. 

Air-diied  fibrous  brown  coal,  containing    zo  —      0'48  055  1800 

„       earthy.           „                „              ao  —      o-6i  079  1975 

„        coacholdal    „                „              20  —      o'Og  o'Sj  4050 

Kiln-dricd  fibrous         ,,                „              zo  —      o'6i  —  1025 

'  Bgwlcfd.,  niii.,  355.     LiEBio's  JabceibcT.,  1851,  p.  733. 
t  Polyt.  Centr.,  1854,  p.  185. 

t  BgwlEfd.,  iv.,  leg;  xiii.,  354.    Nene   Folge,   1  Bd.,  i  Lief.,  p.  3   (1860). 
DiNOL.,  clii.,  338.    BerggeiBt,  No.  66,  d«  1859. 
VOL.  III.  2  E 
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"'XZ^'*     '-h  H«rinfP««r. 

HT  cent.     ■*'  *"'■  *''*"l'    SpetiC.    Prnm. 
0-55         _  _ 

,  „  lo  —     o-to       —       aiaj 

„        conchoida]    „                „  30  —      0-83        —        asoo 
«»  "      076        -  - 

According  to  these  statements,  air-dried  brown  coal  excels 
kiln-dried  wood  in  absolute  and  pyrometric  heating  power, 
and  its  specific  heating  power  is  more  than  twice  as  large  as 
that  of  the  best  wood. 

Berthier  has  ascertained  that  air-dried  brown  coal  reduces 
from  14  to  25  parts  of  lead,  and  heats  from  38  to  57  parts  of 
water  from  0°  up  to  100°  C. 

Although  brown  coal,  especially  the  earthy  varieties,  has 
a  lower  heating  power  than  mineral  coal,  and  cannot  be 
applied  to  many  purposes  in  which  the  latter  is  advanta- 
geously employed,  it  still  constitutes  a  cheap  fuel  for  common 
use. 

Brown  coal  is  chiefly  employed  in  boiling  operations,*  in 
the  burning  of  lime  and  bricks,  as  domestic  fuel,  and  also  in 
metallurgical  operations,  either!  for  direct  firing,^  or  for  the 
produAion  of  combustible  gases,  which  are  used  in  puddling 
and  re-heating  processes.  Owing  to  its  property  of  crumb- 
ling when  heated,  and  also  to  its  frequently  injurious  amount 
of  ash,  brown  coal  is  employed  but  little  in  iron  blast  fur- 
naces. 

According  to  Tunner,||  attempts  have  been  made  to  use 
the  superior  brown  coal  of  Austria,  that  of  Leoben,  for  in- 
stance, in  blast  furnaces  together  with  other  fuel,  but  it  was 
only  possible  to  add  one-eighth  or  one-fourth,  at  the  highest, 
to  a  charge  of  charcoal,  as  otherwise  a  considerable  lowering 
of  the  temperature  took  place.  At  the  foundry  at  BrQckel 
in  Carinthia,  brown  coal  is  used  in  cupola  furnaces  in  such 
a  manner  that  three  charges  of  charcoal  of  2  cubic  feet  each 

*  Erdh.,  J.  r.  pr.  Cbem.,  vi.,  208.    Dihol.,  xdj.,  355.    Bgwkfd.,  i4Il.,  303, 

t  Bgwkfd.,  ii.,  191,381,  396,461,474;  xi.,  3og.     Jabrb.  f.  d.  iSchs.  Bcrg- 
und  HutteDmaDn,  1839,  p.  106 ;  1S40,  p.  S4.     B.  a.  b.  Ztg.,  1844.  P-  73- 
J  Kabst.,  Arch.,  ii.  S.,  xxiil.,  411.    BgwUd.,  vii.,  36 ;  ix.,  149 ;  xl„  309. 
II  TuHNEit's  Lbob.,  Jahrb.,  vi.,  tS6. 
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are  first  made,  and  the  next  chaise  consists  of  30  lbs.  of 
brown  coal.  When  trying  to  replace  eveiy  third  charge  of 
charcoal  by  lignite,  which  occurs  in  large  quantities  at 
Voitsber^  in  Styria,  and  Wolfsegg  in  Upper  Austria,  the 
cupola  furnace,  iz  feet  high,  and  provided  with  two  tuyeres, 
became  so  cool  that  thickly  liquid  iron  was  produced. 
Tunner  considers  the  application  of  lignite  in  cupola  furnaces 
to  be  possible,  if  a  corresponding  quantity  of  hot  blast  of 
suitable  pressure  be  employed,  if  the  furnace  be  suitably 
constructed,  and  if  some  lime  be  added  in  order  to  render 
the  viscous  slag  liquid. 

When  brown  coal  is  employed  in  salt  works  or  for  heating 
steam  boilers,  &c.,  step-grates  must  be  used ;  by  this  arrange- 
ment more  than  20  per  cent  in  fuel  and  time  were  saved  in 
Saxony  when  boiling  down  salt.* 

The  puddling  and  re-heating  furnaces  at  Fravali  in  Carin- 
thia,  and  those  at  Leobent  in  Styria,  are  provided  with 
step-grates  for  burning  brown  coal. 

At  Sauforste,]:  near  Regensbui^,  lignite,  which  is  artifi- 
cially dried  by  the  heat  of  the  furnaces,  is  burned  on  hon- 
2ontal  and  step-grates  of  puddling  and  re-heating  furnaces. 
The  same  application  is  made  of  the  brown  coal  of  Wolfsegg, 
at  KaufingR  in  Upper  Austria,  where  it  has  been  proved  that 
44  cwts.  of  fresh  brown  coal  have  the  same  efFeA  as  16  or 
18  cwts.  of  good  soft  wood. 

Pratftical  Results. 

I.  Three  parts  by  volume  have  the  same  efTedt  as  one  part 
of  mineral  coal,  and,  by  weight,  one  part  of  mineral  coal  may 
replace  2'86  parts  of  brown  coal. 

Brown  coal  can  only  be  advantageously  used  where  it 
occurs  in  large  masses  close  to  its  place  of  application,  when 
the  price  of  wood  and  mineral  coal  at  those  places  is  rather 
high.  When  brown  coal  is  employed  at  some  distance  from 
the  place  of  its  occurrence,  it  is  necessary  that  the  prico  of 

*  ZBRRBNiraa'a  Met.  OMfeaernng,  p.  3i8. 
t  TuKNER'a  Ja^b.,  185a,  p.  846. 
t  B.  u.  h.  Ztg.,  1854,  No.  36. 
II  Oeaterr.  ZtBchr.,  1S57,  t^c*  "> 
2   B  2 
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transport  be  very  low,  as  this  fuel  is  too  heavy  and  volu- 
minous in  proportion  to  its  heating  power. 

z.  According  to  Bischofi',*  the  fresh  brown  coal  of  the 
Prussian  province.  Saxony,  contains  from  3i"66  to  50*7  per 
cent  of  hygroscopic  water,  and  has  a  specific  gravity  of  from 
i'i27  to  i'3i8.  One  ton  (Prussian)  of  fresh  brown  coal 
weighs  from  306  to  360  lbs.,  contains  from  155  to  232  lbs.  of 
dry  coal,  with  from  1*83  to  30*29  per  cent  of  ash,  and  evapo- 
rates, according  to  theoretical  calculations,  from  14*66  to 
27*16  cubic  feet  of  water.  The  real  effect  is,  however, 
much  less.  One  ton  of  brown  coal  from  Tollwitz  ought,  for 
instance,  according  to  theory,  to  evaporate  i8'6  cubic  feet 
of  water,  whilst,  in  reality,  only  3*8  cubic  feet  are  evaporated 
by  it  in  the  salt  works  at  Ddrrenberg. 

3,  The  Society  for  Promoting  Industry  in  Prussia  has 
determined  the  following  results  : — 


b.  of  Brows  Coal 


«„... 

%^'' 

Coai. 
387 

5-84 

3W 

7-34 

a-65 

5-7« 

365 

479 

3-96 

550 

4-8i 

Q-ia 

a-4S 

S-5S 

">» 


Brown  coal  from  1 

stored  for  lome  time  ..  367 
Brown  coal  from  Pmisia 

(earthy)  freBb a£6 

Brown  coal  from  Fruaaia 

inpieces 300       47-7         3-31         633       a-i6       508 

4.  According  to  Strippelmann,  120  cubic  feet  of  brown 
coal  from  the  Meissner  are  equal  in  effeiJt,  on  an  average, 
to  100  cubic  feet  of  solid  mass  of  beech  wood. 

5.  It  has  been  ascertained  by  many  years'  experience  at 
the  saltworks  at  Schonebeck,  that  108  cubic  feet  of  fir-wood, 
containing  70  cubic  feet  compadl  mass,  replace  96  cubic 
feet  of  brown  coal  from  Biere  ;  it  therefore  stands  in  the 
proportion  of  96  :  70,  or  of  135*7  '0  ^oo-  The  brown  coal 
from  the  Meissner  stands  in  proportion  to  the  coal  of  Biere 
as  100 :  88*4 

Brown  Coal  Charcoal. — Much  of  the  brown  coal  of  the 
Continent  has  been  converted  into  charcoal,  with  a  view  to 

*  Bpvkfd.,  xiii.,  353. 
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its  use  in  metallurgical  works ;  but  most  kinds  yield  a  pul- 
verulent, friable  charcoal,  which,  after  the  process  of  car- 
bonisation is  completed,  is  difficult  to  extinguish.*  Only  a 
few  kinds  of  lignite  and  pitch  coal  yield  charcoal  useful  in 
pradlice.  Attempts  have  been  made  to  prevent  the  charcoal 
from  becoming  friable,  by  slowly  charringt  the  brown  coal 
either  in  heaps  or  in  furnaces,  after  it  has  been  perfeiflly 
dried  in  the  air.  Mayer  says  that  very  iirra  charcoal  is  ob- 
tained by  charring  freshly-dug  lignite,  without  previously 
exposing  it  to  the  air.  Compressed  brown  coal]:  has  also 
been  charred,  and  endeavours  have  been  made  to  char  brown 
coal  in  retorts  by  means  of  superheated  steam.jj  Brown 
coal  charcoal  has  been  employed  in  the  process  of  fining 
iron.^ 

The  following  are  a  few  of  the  results  of  praAical  experi- 
ments :ir — 

Lignite  from  Cologne    produced  per  cent  of  charcoal     36'! 
„         Ireland  ,,  ,,  „  57-5 

,,  Friesdorf  ,,  „  ,,  48-2 

„         Stijsschen        „  .,  ,,  40'6 

,,         Paredel  ,,  ,,  "     „  42*0 

,,  Oberpfalz         ,,  ,,  ,,  46-0 

Experiments**  on  a  small  scale  produced  charcoal — 

From  Bohemian        brown  coal     .     .  29*3 — .0"4  per  cent 

„      French                        ,,            .     .  41 — 49           „ 

,,      Prussian  (Rhenish)  ,,            .     .  28 — 68           ,, 
,,      Brown  coal,  poor  in  ash,  on  an 

average 40 — 50           „ 

B  rown  (pitch)  coal  from  the  Rhon,tt  when  charred  in  heaps, 
yielded  charcoal  approaching  in  lustre,  colour,  and  porosity 
the  coke  produced  from  mineral  coal ;  i  lb.  of  it  heated 

*  Lamp.,  FortKhr.,  1S39,  P.3S.    Slad.  d.  OdtL  Ver.,  ii.,  169.     Tuhner's 
Jabrb.,  vi.,  186-    OeMerr.  Ztachr.,  1839,  No.  7, 
f  Erdm.,  J.  r.  pr.  Ch.,  ii.,  10. 
X  Bgwkfd.,v.,  30a;  iv.,  169. 
II  Ibid.,  xiv.,  537. 

$  Ibid.,  xi.,  377.     Berggeilt,  1859,  No.  61.    B.  u.  h.  Ztg.,  18^7,  p.  413. 
^  Uki's  Di^ionary  of  Arts  and  Mines,  vol.  i.,  6S9. 
**  Khapp,  Chem.  Tecbnologie,  i.,  4J. 
tt  B.  u.  h.  Ztg,,  1857,  No.  17. 
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73  lbs.  of  water  from  o'  up  to  ioo°  C,  whilst  i  lb.  of  the  best 
coke,  from  Zwickau,  heated  only  65  lbs.  of  water.  This 
charcoal  is  well  adapted  for  operations  in  forges  and  for 
heating  locomotives. 

Brown  coal  from  Giessen,*  in  the  form  of  bituminous 
wood,  yields  charcoal  which  differs  veiy  little  from  wood 
charcoal,  whilst  the  earthy  brown  coal  from  Giessen  behaves 
similarly  to  non-bituminous  coal.  The  former  may  be  well 
applied  in  forges,  and  the  latter  yields  a  great  deal  of 
slag.  The  yield  of  charcoal  amounts  to  from  32  to  36  per 
cept, 

MINERAL  COAL. 

Mineral  coalt  is  the  term  applied  to  that  fossil  coal  which 
is  older  than  the  tertiary  period,  and  which  required  a  longer 
time  for  its  formation!  than  brown  coal. 

Various  views  have  been  entertained  "by  geologists  and 
chemists  concerning  the  formation  of  coal,  of  which  the 
following  is  a  brief  summary  :|! — 

I.  Coal  is  universally  admitted  to  be  of  vegetable  origin. 

3.  Many  refer  it  to  some  peculiar  changes  which  have 
taken  place  in  wood  ;  others,  to  the  formation  and  gradual 
subsidence  of  peat  bogs  (Unger) ;  others,  again,  have 
thought  that  fuci  supply  the  materials  for  coal  beds. 

3.  By  some  it  is  believed  that  coal  is  found  upon  the  spots 
on  which  trees  have  grown  and  decayed.  By  others,  it  is 
supposed  that  vast  masses  of  vegetable  matter  were  drifted 
into  lakes  or  deltas,  and  were  there  decomposed. 

4.  Whether  the  plants  grew  on  the  soil — the  under  clay — 
upon  which  the  coal  is  found,  or  were  drifted  to  it,  there 

*  Bcrggeiil,  iSjg,  No.  14. 

t  UkK'a  Diaionarj'  of  Ant  and  Miocs,  vol.  i.,  740.  Ekdh.,  J.  f.  pr.  Cb., 
xvt.,  416 ;  XX.,  14.  Polyt.  Cenlr.,  1849,  p.  13a,  B.  n.  b.  Ztg.,  1657,  p.  3S1. 
Stein,  d.  Steinkohlen  Sachseni,  i<<s7.  Dinql.,  cxvi,,  113.  Bgwkfd.,  viii., 
337;  *:  4H;  >i-,  CB5,  697;  xii.,  343.  Bair,  Knnit-  nad  Oewerbeblatt : 
Hin,  1S3O.  DiNOL.,  ziv.,  500.  Bnibn  Stein kohleDbuchlein,  iS4i>.  Visbahh, 
Sutistik  d.  lollv.  a,  ndrdl.  DeutchlandB,  p.  666. 

}  Polyt.  Centr,,  iSj3,  p.  iSj.  Karst.,  Arch.,  xi.,  379.  DiNOL.,  cv.,  46a. 
Khapp,  Cbem.  Techn.,  i.,  17.  Libbiq's  Jahretber.,  1847-48,  p.  1395.  Bgwkfd., 
viii.,  449.    BiscHOPF,  Phyt.  u.  Cbem.  Geologic,  ii.,  1755. 

II  Use's  OiOJonary  of  Aru_aiid  MiDes,  vol.  1.,  p.  743. 
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must  have  been  long  periods  during  which  nothing  but 
vegetable  matter  was  deposited,  and  then  followed  a  sub- 
mergence  of  this  land,  and  consequently  vast  accumulations 
of  mud  and  sand. 

Henry  Rogers  and  others  suppose  that  the  whole  period 
of  the  coal  measures  was  charadterised  by  a  general  slow  sub- 
sidence of  the  coasts,  on  which  we  conceive  that  the  vegeta- 
tion of  the  coal  grew;  that  this  vertical  depression  was,  " 
however,  interrupted  by  pauses  and  gradual  upward  move- 
ments of  less  frequency  and  duration,  and  that  these  nearly 
statical  conditions  of  the  land,  alternated  with  great 
paro^^mal  displacements  of  the  level,  caused  by  the  mighty 
pulsations  of  earthquakes. 

The  difficulties  consist  mainly  in  the  following  fatJls  :^ 

1.  That  there  is  no  clear  evidence  that  anything  like 
ligneous  structure  can  be  detefted  in  coal. 

2.  That  the  woody  matter  found  in  coal  is  never  converted 
into  coal,  although  it  sometimes  appears  as  if  the  bark  were 
so  changed. 

3.  That  the  coal  always  arranges  itself  in  exai5t  obedience 
to  the  underlying  surface,  as  though  a  semi-Buid  mass  had 
been  spread  out  on  a  previously  formed  solid  bed, 

4.  The  thinning  out  of  true  coal  to  extreme  tenuity,  as 
mentioned  by  Professor  Rogers,  numerous  examples  of  which 
appear  in  this  country. 

5.  The  extreme  difficulty  conncLled  with  the  subsidence 
or  the  surface  of  the  earth,  to  such  a  depth  as  that  to  which 
the  lowest  seams  of  coal  extend. 

These  questions  are  open  for  further  examination.  There 
can,  however,  be  no  doubt  of  the  vegetable  origin  of  coal ; 
the  only  questions  are,  the  conditions  of  change  by  which 
bituminous  coal  has  been  produced  from  vegetable  fibre, 
and  that  we  have  not  completed  al!  the  links  in  the  chain 
between  brown  coal  and  true  coal. 

The  following  table  shows,  at  a  glance,  the  chemical 
difference  between  wood  and  brown  coal,  on  the  one  hand, 
and  anthracite  on  the  other,  and  serves  to  show  the 
chemical  changes  by  which  wood  is  supposed  to  pass  into 
bituminous  and,  eventually,  into  anthracite  coal : — 
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Authority. 

C«ri»n.  Hydiojm.  OiTEcii.  Nitrogen. 

Puie  woody  fibre 

Schadler. 

5^-65 

5*5 

41-10 

B<^e<:h 

Chevandier 

48-89 

6-07 

43" 

Oak 

50-64 

603 

42-05 

laS 

Peat 

Holland 

Milder 

Sgij 

S-4» 

353* 

Long 

Regnanlt 

60-06 

6-ai 

3373 

Bog  of  Allen 

Kane 

6t-oa 

577 

3240 

080 

Upper  Shannon    „ 

6i-2t 

5-6. 

3i'44 

1-6* 

Lignite 

Cologne 

Regnault 

63-43 

4-98 

arir 

Patagonia 

j.  A.  Phillip 
Regnault 

B  ea-19 

5-08 

'9'44 

Brown  coal 

Lower  Alps 

6905 

5-10 

a2-74 

Wigan 

J.  A.  Phillips  Bo-21 

6-30 

8-54 

Bog  Head 

Hofmann 

65-66 

890 

Andersoa 

6^- at 

8-09 

566 

0-55 

Cannei  coal 

Wigin 

Ricbardson 

83-73 

5-66 

8-03 

Cherry  Coal 

Newcastle 

8.  so 

5-04 

B-43 

— 

Carr'B  Hartley 

(Admiralty) 
Inquiry    / 

79-83 

5-" 

7-26 

1-17 

Steam  Wallaend 

83-71 

5-30 

a-79 

1-06 

Resolven 

South  Wale 

7933 

4-7S 

I-3S 

Neath  Abbey 

&)04 

3'03 

1-07 

Graigola 

84-87 

3-84 

7-ig 

0-41 

Aberamon 

90-94 

4-18 

0-94 

i-ll 

9i'44 

3-46 

0-79 

o-ai 

„ 

rf±'r 

", 

8003 

330 

o-*3 

ViiiUe 

Rcgnaalt 

94-09 

1-85 

— 

._ 

Swansea 

91-19 

^33 

o-8z 

0-45 

The  following  general  statement  of  the  geological  con- 
ditions of  the  coal  measures  of  these  islands  is  from  the  pen 
of  the  late  Dr.  Ure  (vol.  i.,  p.  750),  as  is  also  the  description 
of  the  Scotch  coal  fields : — 

"  The  great  carboniferous  formations  of  these  islands  may 
be  subdivided  into  four  orders  of  rocks  : — 

"  I,  The  coal  measures,  including  their  manifold  alterna- 
tions of  coal  beds,  sandstones,  and  shales  ; 

"  2.  The  millstone  grist  and  shale,  towards  the  bottom  of 
the  coal  measures ; 

"  3.  The  carboniferous  limestone,  which,  projecting  to 
considerable  heights  above  the  outcrop  of  the  coal  and  grit, 
acquires  the  title  of  mountain  limestone ; 

"4.  The  old  red  sandstone,  or  connedting  link  with  the 
transition  and  primary  rock  basin  in  which  the  coal  system  lies. 

"  The  coal  series  usually,  but  not  invariably,  consists  of 
a  regular  alternation  of  mineral  strata,  deposited  in  a  great 
concavity  or  basin,  the  sides  and  bottom  of  which  are  com- 
posed of  transition  rocks.  This  arrangement  will  be  clearly 
understood  by  inspefting  Fig.  74,  which  represents  a  seftion 
of  the  coal  field  south  of  Malmsbury. 
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"  No.  I,  or  the  old  red  sandstone,  may,  therefore,  be  re- 
garded as  the  chara(5teristic  lining  of  the  coal  basins ;  but 
this  sandstone  rests  on  transition  limestone,  and  this  lime- 
stone on  highly  inclined  beds  of  slaty  micaceous  sandstone, 
which,  on  the  one  hand,  alternates  with  and  passes  into  a 
coarse  breccia,  having  grains  as  large  as  peas,  and,  on  the 
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other,  iiito  a  soft  argillaceous  slate.  The  micaceous  sand- 
stone stands  bare  on  the  north-eastern  border  of  the  Forest 
of  Dean,  near  the  southern  extremity  of  the  chain  of  transi- 
tion limestone  which  extends  from  Stoke  Edith,  near  Here- 
ford, to  Flaxley  on  the  Severn.  It  is  traversed  by  a  defile 
through  which  the  road  from  Gloucester  to  Ross  winds.  The 
abruptness  of  this  pass  gives  it  a  wild  and  mountainous 
character,  and  affords  the  best  opportunity  of  examining  the 
varieties  of  the  rock. 

"  The  limestone  consists  of  its  lower  beds  of  fine-grained, 
tender,  extremely  argillaceous  state,  known  in  the  distridt  by 
the  name  of  water-stone,  in  consequence  of  the  wet  soil  that 
is  found  wherever  it  appears  at  the  surface.  Calcareous 
matter  is  interspersed  in  it,  but  sparingly.  Its  upper  beds 
consist  of  shale,  alternating  with  extensive  beds  of  stratified 
limestone.  The  lowest  of  the  calcareous  strata  are  thin, 
and  alternate  with  shale.  On  these  repose  thicker  strata 
of  more  compaift  limestone,  often  of  dull  blue  colour.  The 
beds  are  frequently  dolomitic,  which  is  indicated  by  straw 
yellow,  or  dark  pink,  colour,  and  by  the  sandy  or  glimmering 
aspeA  of  the  rock. 
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"  The  old  red  sandstont,  whose  limits  are  so  restri£ted  in 
other  parts  of  England,  here  occupies  an  extensive  area.  The 
space  which  it  covers,  its  great  thickness,  Its  high  inclina- 
tion, the  abrupt  character  of  the  surface  over  which  it 
prevails,  and  the  consequent  display  of  its  strata  in  many 
natural  &e(5tions,  present,  in  this  distridt,  advantages  for 
studying  the  formation  which  are  not  to  be  met  with  else- 
where in  South  Britain.  In  the  neighbourhood  of  Mitchell 
Dean,  the  total  thickness  of  this  formation,  interposed  con- 
formably between  the  transition  and  mountain  limestone, 
is  from  600  to  800  fathoms.  The  old  red  sandstone  is 
characterised,  in  its  upper  portion,  by  the  presence  of 
siliceous  conglomerate,  containing  siliceous  pebbles,  which 
is  applied  extensively  to  the  fabrication  of  millstones  near 
Monmouth,  and  on  the  banks  of  the  Wye.  This  sandstone 
encircles  the  Forest  with  a  ring  of  very  elevated  ground, 
whose  long  and  lofty  ridges  on  the  eastern  frontier  overhang 
the  valley  of  the  Severn. 

"  The  mountain,  or  carboniferous  limestone,  is  distinguished 
from  transition  limestone  rather  by  its  position  than  by  any 
veiy  wide  difference  in  its  general  character  or  organic  re- 
mains. According  to  the  measurements  of  Mr.  Mushet,  the 
total  thickness  of  the  mountain  limestone  in  this  field  is 
about  120  fathoms.  The  zone  oFIimestone  belongtngto  this 
coal  basin  is  from  a  furlong  to  a  mile  in  breadth  on  the  sur- 
face of  the  ground,  according  as  the  dip  of  the  strata  is  more 
or  less  rapid.  The  angle  of  the  dip  on  the  northern  and 
western  border  is  often  no  more  than  10°,  but  on  the  eastern  it 
frequently  amounts  to  80°.  The  calcareous  zone  that  defines 
the  outer  circle  of  the  basin  suffers  only  one  short  inter- 
ruption, scarcely  three  miles  in  length,  where,  in  consequence 
of  a  fault,  the  limestone  disappears,  and  the  coal  measures 
are  seen  in  conta<5t  with  the  old  red  sandstone. 

"  Coal  Measures. — Their  aggregate  thickness  amounts, 
according  to  Mr.  Mushet,  to  about  500  fathoms,  i.  The 
lowest  beds,  which  repose  on  the  mountain  limestone,  are 
about  40  fathoms  thick,  and  consist  here,  as  in  the  Bristol 
coal-basin,  of  a  red  siliceous  grit,  alternating  with  con- 
glomerate, used  for  millstones,  and  with  clay,  occasionally 
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used  for  ochre.  2.  These  beds  are  succeeded  by  a  series  about 
120  fathoms  thick,  in  -which  a  grey  gritstone  predominates, 
alternating  in  the  lower  part  with  shale,  and  containing  six 
seams  of  coal.  The  grits  are  of  a  fissile  charafter,  and  are 
quarried  extensively  for  fiag-stotie,  ashlars,  and  fire-stone. 
3.  A  bed  of  grit  25  fathoms  thick,  quarried  for  hearth-stone, 
separates  the  preceding  series  from  the  following,  or  the 
fourth,  which  is  about  115  fathoms  thick,  and  consists  of 
from  twelve  to  fourteen  seams  of  coal,  alternating  with  shale. 
5.  To  this  succeeds  a  straw-coloured  sandstone,  nearly 
100  fathoms  thick,  forming  a  high  ridge  in  the  interior 
of  the  basin.  It  contains  several  thin  seams  of  coal,  from 
6  to  16  inches  in  thickness.  6.  On  this  reposes  a  series  of 
about  12  fathoms  thick,  consisting  of  three  seams  of  coal, 
alternating  with  shale.  7.  This  is  covered  with  alternate 
beds  of  grit  and  shale,  whose  aggregate  thickness  is  about 
100  fathoms,  occupying  a  trai5l  in  the  centre  of  the  basin 
about  4  miles  long  and  2  miles  broad.  The  sandstone.  No.  5, 
is  probably  the  equivalent  of  the  Pennant  in  the  preceding 
figure. 

"  The  floor,  or  pavement,  immediately  under  the  coal  beds 
is,  almost  without  exception,  a  greyish-slate  clay,  which, 
when  made  into  bricks,  strongly  resists  the  fire.  This  fire- 
clay varies  in  thickness  from  a  fraAion  of  an  inch  to  several 
fathoms.  Clay  iron-stone  is  often  disseminated  through  the 
shale." 

The  above  description  by  Dr.  Ure  holds  perfectly  correft 
for  the  great  coal  fields  of  south-western  England,  where  we 
have  coal  measures,  millstone  grit,  and  mountain  limestone  in 
regular  order,  the  latter  being  at  the  base  of  the  system. 
As  we  proceed  northward  to  Yorkshire  and  Northumberland, 
the  limestone  begins  to  alternate  with  the  true  coal  measures, 
the  two  deposits  forming  together  a  series  of  strata  about 
1000  feet  in  thickness.  To  this  mixed  formation  succeeds 
the  great  mass  of  genuine  mountain  limestone.  In  Fifeshire, 
in  Scotland,  we  observe  a  still  greater  departure  from  the 
type  of  the  south  of  England,  or  a  more  complete  intercala- 
tion of  dense  masses  of  marine  limestone,  with  sandstone 
and  shales  containing  coal. 


,;  Google 


428  FUEL. 

"  At  Brora,  Sutherlandshire,  we  have  a  coal  formation 
belonging  to  the  lower  divisions  of  the  oolite  period ;  and 
in  the  north-east  of  Yorkshire  we  have  a  similar  formation. 

"  The  Brora  coal  field  is  the  most  remarkable  example  in 
this,  or  in,  perhaps,  any  country  hitherto  investigated,  of  a 
pseudo  coal-basin  among  the  deeper  secondary  strata,  but 
above  the  new  sandstone  or  red  marl  formation.  The  Rev. 
Dr.  Buckland  and  Sir  C.  LycU,  after  visiting  it  in  1824,  had 
expressed  an  opinion  that  the  strata  there  were  wholly  un- 
connected with  the  proper  coal  formation  below  the  new  red 
sandstone,  and  were,  in  fadl,  the  equivalent  of  the  oolitio 
series ;  an  opinion  fully  confirmed  by  the  subsequent  re- 
searches of  Sir  R.  Murchison  (Geol.  Trans,  for  1827,  p.  293). 
The  Brora  coal  field  forms  a  part  of  those  secondary  deposits 
which  range  along  the  south-east  coast  of  Sutherland,  occu- 
pying a  narrow  trai5t  of  about  20  miles  in  length,  and  3  at 
its  greatest  breadth. 

"  One  stratum  of  the  Brora  coal  pit  is  a  coal  shale  composed 
of  a  reed-like  striated  plant  of  the  natural  order  equtsetum, 
which  seems  to  have  contributed  largely  towards  the  forma- 
tion of  that  variety  of  coal.  From  this  coal  shale  the  next 
transition  upwards  is  into  a  purer  bituminous  substance 
approaching  to  jet,  which  constitutes  the  great  bed  of  coal. 
This  is  from  3  feet  3  inches  to  3  feet  8  inches  thick,  and  is 
divided  nearly  in  the  middle  by  a  thin  layer  of  impure  in- 
durated shale  charged  with  pyrites,  which,  if  not  carefully 
excluded  from  the  mass,  sometimes  occasions  spontaneous 
combustion  upon  exposure  to  the  atmosphere ;  and  so  much, 
indeed,  is  that  mineral  disseminated  throughout  the  distridt, 
that  the  shales  may  be  generally  termed  "  pyritiferous." 
Inattention  on  the  part  of  the  workmen,  in  1817,  in  leaving 
a  large  quantity  of  this  pyritic  matter  to  accumulate  in  the 
pit,  occasioned  a  spontaneous  combustion,  which  was  extin- 
guished only  by  excluding  the  air ;  indeed  the  coal-pit  was 
closed  in  and  remained  unworked  for  four  years ;  the  fire 
broke  out  again  in  the  pit  in  1827. 

"  The  purer  part  of  the  Brora  coal  resembles  common  pit 
goal,  but  its  powder  has  the  red  ferruginous  tipge  of  pulver- 
ised lignites.    It  may  be  considered  one  of  the  last  links 
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between  lignite  and  true  coal,  approaching  veiy  nearly  in 
charaAer  to  jet,  though  less  tenacious  than  that  mineral, 
and,  when  burnt,  exhaling  but  slightly  the  vegetable  odour 
80  peculiar  to  all  imperfectly  bituminised  substances.  The 
fossil  remains  of  shells  and  plants  prove  the  Brora  coat  to 
be  analogous  to  that  of  the  eastern  moorlands  of  Yorkshire, 
although  the  extraordinary  thickness  of  the  former,  compared 
with  any  similar  deposit  of  the  latter  (which  never  exceeds  from 
12  to  17  inches),  might  have  formerly  led  to  the  belief  that 
it  was  a  detached  and  anomalous  deposit  of  true  coal,  rather 
than  a  lignite  of  any  of  the  formations  above  the  new  red 
sandstone.  Such  misconception  might  more  easily  arise  in 
the  infancy  of  geology,  when  the  strata  were  not  identified 
by  their  fossil  organic  remains. 

"  On  the  coast  of  Yorkshire,  the  strata  of  Ihis  pseudo  coal 
formation  appear  in  the  following  descending  order,  from 
Filey  Bay  to  Whitby  :— 

"  I.  Coral  rag.  2.  Calcareous  grit.  3.  Shale  with  fossils  of 
the  Oxford  clay.  4.  Kelloway  rock  (swelling  out  into  an 
important  arenaceousformation).  5.  Combrash.  6.  Coaly 
grit  of  Smith.  7.  Pierstone  (according  to  Mr.  Smith,  the 
equivalent  of  the  great  oolite).  8.  Sandstone  and  shale  with 
peculiar  plants  and  various  seams  of  coal.  9.  A  bed  with 
fossils  of  the  inferior  oolite.  10.  Marlstone  (7).  11.  Alum- 
shale  or  lias.  All  the  above  strata  are  identified  by  abundant 
ot^nic  remains. 

"  In  the  oolitic  series,  therefore,  where  the  several  strata 
are  developed  in  conformity  with  the  more  ordinary  type  of 
these  formations,  we  may  venture  to  prediA  with  certainty 
that  no  carboniferous  deposits  of  any  great  value  will  ever 
be  discovered,  at  all  events  in  Great  Britain." 

The  most  complete  and  simple  form  of  a  coal  field  is  the 
entire  basin-shape,  which  we  find,  in  some  instances,  without 
a  dislocation,  whilst  a  great  coal  basin  is  frequently  divided 
by  dislocations  into  numerous  subordinate  coal  iields. 

The  coal  basins  are  generally  elliptical,  sometimes  nearly 
circular,  but  are  often  very  eccentric,  being  much  greater  in 
length  than  in  breadth,  and,  in  the  short  diameter,  one  side 
of  the  basin  has  frequently  a   much  greater  dip  than  the 


,;  Google 


430  FUEL. 

other,  which  circumstance  throws  the  trough  or  lower  part 
of  the  basin  concavity  much  nearer  to  the  one  side  than  to 
the  other.  From  this  view  of  one  entire  basin,  it  is  evident 
that  the  dip  of  the  coal  strata  belonging  to  it  runs  in  opposite 
direiftions,  on  the  opposite  sides,  and  that  all  the  strata 
regularly  crop  out,  and  meet  the  alluvial  cover  in  every  point 
of  the  circumferential  space,  like  the  edges  of  a  nest  of 
common  basins. 

The  absolute  shape  of  the  coal  fields  in  Great  Britain  has 
been  ascertained  with  surprising  precision.  To  whatever 
depth  a  coal  mine  is  drained  of  its  water,  from  that  depth  it 
is  worked  up  to  the  rise  of  the  water-level  line,  and  each 
miner  continues  to  extend  his  room  or  working  place  till  his 
seam  of  coal  meets  the  alluvial  cover  of  the  outcrop,  or  is 
cut  off  by  a  dislocation  of  the  strata.  In  this  way  the  miner 
travels  in  succession  over  every  point  of  his  field,  and  can 
portray  its  basin-shape  most  minutely. 

The  following  tables*  show  the  increase  and  vast  impor- 
tance of  British  coal : — 

The  Number  of  CoUieries  at  Work,  and  the  Production  of  Coal 
in  the  United  Kingdom  since  1854. 
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— 

'  Ukb's  Diaionaiy  of  Art!  ud  Hinca,  vol.  i.,  7<^* 
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The  following  summary  will  likewise  be  interesting  : — 
Value  of  the  coa.1  annually  raised  in  Great 

Britain  (98,000,000  tons)  estimated  at  the 

pit  mouth £24,500,000 

Mean  annual  value  at  the  place  of  consumption  33,000,000 

Capital  engaged  in  the  coal  trade 22,500,000 

Mean  annual  value  at  the  furnace  of  pig-iron 

produced  by  British  coal 11,770,000 
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Foreign  Coal  Fields.* 

The  period  has  not  yet  arrived  when  we  can  with  any  cer- 
tainty state  the  aAual  number  of  coal  basins  in  the  worid  ; 
they  must,  however,  amount  at  least  to  from  250  to  300  prin- 
cipal coal  fields,  and  many  of  these  are  subdivided  by  the 
disturbed  position  of  the  strata  into  subordinate  basins. 

The  basins  or  coal  areas  may,  however,  be  grouped  into 
a  comparatively  small  number  of  distritfls,  many  of  which 
are  little  known,  and  entirely  unmeasured.  The  greater 
number  occur  in  Western  Europe  and  Eastern  North 
America,  while  Central  and  Southern  Africa,  South  America, 
and  a  large  part  of  Asia  are  almost  without  any  trace  of  true 
carboniferous  rocks. 

North  America. — There  are  in  North  America  four  prin- 
cipal coal  areas,  compared  with  which,  the  richest  deposits 
of  other  countries  are  comparatively  insignificant.  These 
are  the  great  central  coal  fields  of  the  Alleghanies,  the  coal 
fields  of  Illinois,  and  the  basin  of  the  Ohio,  that  of  the  basin 
of  the  Missouri,  and  those  of  Nova  Scotia,  New  Brunswick, 
and  Cape  Breton.  There  are,  besides,  many  smaller  coal 
areas  which,  in  other  countries,  might  well  take  rank  as  of 
vast  national  importance,  and  which,  even  in  North  America, 
will  one  day  contribute  greatly  to  the  riches  of  the  various 
States. 

The  Alleghany  or  Appalachian  coal  field  measures  750 
miles  iti  length,  with  a  mean  breadth  of  85  miles,  and  tra- 
verses eight  of  the  principal  states  in  the  American  Union. 
Its  whole  area  is  estimated  at  not  less  than  65,000  square 
miles ;  the  coal  is  bituminous  and  used  for  gas. 

Coal  has  been  found  in  Lousiana,  on  the  Iberville  rivers, 
and  on  the  shores  of  Lake  Bistineau  ;  it  is  also  reported  as 
having  been  found  at  Lake  Borgne,  but  this  is  probably  a 
lignite.  In  Kentucky,  both  bituminous  and  cannel  coal  are 
worked  in  seams  about  3  or  4  feet  thick,  the  cannel  being 
sometimes  associated  with  the  bituminous  coal  as  a  portion 
of  the  same  seam,  and  there  are,  in  addition,  valuable  bands 

*  Ure's  Di£tioaaxj  of  Arig  and  Minee,  vol,  I.,  p.  756. 
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of  iron  ore  (the  argillaceous  carbonate).  The  coal  field  of 
Kentucky  extends  over  about  9000  square  miles.  In  Western 
Vir^nia  there  are  several  coal  fields  of  variable  thickness, 
one  being  gj  feet,  two  others  5,  and  others  3  or  4  feet.  On 
the  whole,  there  seem  to  be  at  least  40  feet  of  coal  distri- 
buted in  thirteen  seams.  In  the  Ohio  distriA,  the  whole  coal 
field  affords,  on  an  average,  as  much  as  6  feet  of  coal.  The 
Maryland  district  is  less  extensive,  but  is  remarkable  as  con- 
taining the  best  and  most  useful  coal,  and  is  now  worked 
to  some  extent  at  Frostbury.  There  appear  to  be  about 
30  feet  of  good  coal  in  four  seams,  besides  many  others  of 
less  importance.  The  quality  is  intermediate  between  bitu- 
minous and  anthracitic,  and  is  considered  well  adapted  for 
the  manufaAure  of  iron.  Lastly,  in  Pennsylvania,  there  are 
generally  from  two  to  five  beds  capable  of  being  worked, 
yielding,  on  an  average,  lo  feet  of  workable  coal,  and  amongst 
them  one  bed,  consisting  of  bituminous  coal,  is  traceable  for 
no  less  than  450  miles,  its  thickness  being  from  12  to  14  feet 
on  the  south-eastern  border,  but  gradually  diminishing  to 
5  or  6  feet.  Besides  the  bituminous  coal,  there  are  in  Penn- 
sylvania the  largest  anthracite  deposits  in  the  States,  occu- 
pying as  much  as  250,000  acres,  and  divided  into  three 
principal  distri<!ls. 

The  Illinois  coal  field,  in  the  plain  of  the  Mississippi,  is  only 
second  in  importance  to  the  vast  area  already  described.  Four 
principal  divisions  of  this  field  can  be  traced,  of  which  the 
first,  or  Indian  distrift,  contains  several  seams  of  bituminous 
coal,  distributed  over  an  area  of  nearly  8000  square  miles. 
It  is  of  excellent  quality  for  many  purposes ;  one  kind 
burning  with  much  light  and  very  freely,  approaching  cannel 
coal  in  some  of  its  properties  ;  other  kinds  consist  of  caking 
or  splint  coal.  In  addition  to  the  Indian  coal  field,  there 
appear  to  be  as  much  as  48,000  square  miles  of  coal  area  in 
other  divisions  of  the  Illinois  distri<!l,  although  these  are  less 
known,  and  at  present  not  much  worked.  However,  30,000 
acres  in  the  state  of  Illinois  supply  coal  of  excellent 
quality,  and  with  great  facility.  The  coal  is  generally  bitu- 
minous. 

The  third  great  coal  area  of  the  United  States  is  that  of 
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the  Missouri,  which  is,  at  present,  comparatively  unknown, 
although  certainly  of  great  importance. 

Taylor  states  that  at  least  one-eighth  of  the  state  of 
Missouri,  or  6000  square  miles,  is  overlaid  by  coal  measures. 
It  is  stated  that  bituminous  coal  has  been  found  in  the 
Arkansas  valley,  and  brown  coal  and  lignite  in  abundance 
in  the  Upper  Missouri  valley. 

Produce  of  Pennsylvania  Jrom  1858  to  1863. 

SchuylkiU  Middle  Wyoming  -.  ,  , 

niOriA.  niMnA.  nfuriA.  iOl»l- 


1858. 
1859. 
i860. 
1 861 

1 86a. 
1863. 


Diitria.  DiWria.            DistriA. 

Tom.  Tom.                 Tom.                  Tom. 

3,212,879.  909,000.  2,186,094.  6,524,838. 

3.598,531-  1.030.659-  2.731.236.  7.517.516. 

3,815,822.  1,091,032.  2,856,896.  8,059,017. 

3,114,254.  ,994.705.  2,918,438.  7,487,672. 

3,549,844.  396.227-  3.130,887.  7.640.905. 

4,151,882.  609,338.  3,760,374.  9,420,135. 


Coal  Product  0/ the  Loyal  United  States, year  ending  yune,  1864, 
fi-om  the  Returns  made  to  the  Inland  Revenue  Department, 
Ton*. 

Rhode  Island 3.656 

Pennsylvania 12,698,412 

Maryland 787,269 

Distrifl  Columbia  ....  742 

Western  Virginia    ....  398,815 

Kentucky 911036 

Missouri 66,187 

Ohio 1,324,685 

Indiana 146,787 

Illinois 925,293 

Michigan 16,296 

Minnesota 50,204 

Kansas 236 

California 44.938 

Washington  Territory .     .     .  7.7S4 


16,473,410 
The  anthracite  coal  fields  of  Pennsylvania  are  divided  into 
three  great  distridls,  viz.,  i,  Southern  or  Schuylkill  district, 
embracing  the  Lehigh  and  Lyken's  valley  coal;  2,  the 
Middle  distridl,  embracing  the  Beaver  Meadow,  Shamokin, 
and  Trevorton  coal ;  the  3rd,  Northern,  or  Wyoming,'  and 
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Lackawama,  embracing  the  Scranton,  Pittston,  and  Lacka- 
wama  coals. 

Total  Produce  of  Penn^lvania  in  1864. 
Tons. 

Anthracite  distri<5ts 9,876,174 

Broad  top  or  semi-anthracite    .     .       422,992 
Bituminous  distridta 2,399,246 


12,698,412 
British  America  contains  coal  in  the  Provinces  of  New 
Brunswick  and  Nova  Scotia.  In  the  former  there  are  three 
coal  fields,  occupying,  in  all,  no  less  than  8000  square  miles  ; 
in  the  latter  coal  abounds  in  several  very  distindt  localities. 
It  is  generally  found  in  thin  seams,  lying  horizontally,  and 
is  almost  entirely  bituminous. 

Nova  Scotia  possesses  three  coal  regions,  of  which  the 
Northern  presents  a  total  thickness  of  no  less  than  14,570  feet 
of  measures,  having  seventy  seams,  whose  aggregate  magni> 
tude  is  only  44  feet,  the  thickest  bed  being  less  than  4  feet. 
The  Piftou,  or  central,  distrift  has  a  thickness  of  7590  feet 
of  strata,  but  the  coal  is  far  more  abundant,  one  seam 
measuring  nearly  30  feet ;  part  of  the  coal  is  of  excellent 
quality,  and  adapted  for  steam  purposes.  The  southern 
area  is  of  less  importance.  Besides  the  Nova  Scotia  coal 
fields,  there  are  three  others  at  Cape  Breton,  yielding 
different  kinds  of  coal,  of  which  one,  the  Sydney  coal,  is 
admirably  adapted  for  domestic  purposes.  There  are  here 
fourteen  seams  above  3  feet  thick,  one  being  11  and  one 
9  feet. 

Newfoundland  Coal  Field. — This  field  is  estimated  at 
about  5000  square  miles.  According  to  Mr.  Jukes,  now 
Direftor  of  the  Geological  Survey  in  Ireland,  the  entire 
western  side  of  the  island,  along  a  space  of  356  miles  in 
breadth,  is  occupied  by  secondary  and  carboniferous  rocks. 
The  coal  on  the  south-western  point  of  the  island  has  been 
traced,  at  intervals,  along  a  space  of  150  to  200  miles,  to  the 
north-east. 

Greenland. — Captain  Scoresby  discovered  a  regular  coal 
formation  here.     At  Hasen  Island  and  also  at  Disco  Island, 
on  the  western  coast,  brown  coal  has  been  found. 
2  F  2 
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Arctic  Ocean. — ^At  Byam,  Martin's  Island,  a  coal  forma- 
tion exists,  and  at  Melville  Island  several  varieties  of  coal 
have  been  discovered,  much  of  it  being  of  an  anthracitic  or 
semi^anthracitic  charadter.  We  learn  that  at  Prince  Regent's 
Inlet  indications  of  coal  have  been  observed. 

Russian  America. — Beyond  the  Ice  Cape,  and  at  Point 
Barrow,  coal  was  observed  on  the  beach,  and  it  has  been 
found  at  Point  Franklin  by  digging  but  a  few  feet  below  the 
surface. 

Oregon  Territory. — Coal  has  been  discovered  and  worked 
in  Wallamette  Valley,  nearly  loo  miles  above  Oregon  city, 
and  anthracite  has  been  observed  by  Sir  George  Simpson 
about  30  miles  up  one  of  the  tributaries  of  the  Columbia 
river. 

United  States  of  Columbia. — Immense  deposits  of 
cannel  coal  have  been  discovered  in  the  province  of  Rio 
Hacha. 

Mexico. — On  Salado  river,  coal  is  worked  by  an  American 
company.  A  coal  formation,  50  miles  in  breadth,  crosses 
the  Rio  Grande,  from  Texas  into  Mexico,  at  Loredo,  and 
on  the  Mexican  shore,  within  200  yards  of  the  Rio  Grande, 
a  remarkably  fine  vein  of  coal,  8  feet  thick,  occurs. 

Texas. — Coal  is  known  to  exist  in  Texas,  though  the 
country  has  not  been  geologically  examined.  The  Trinity 
Coal  and  Mining  Company  was  incorporated  by  the  Texan 
Congress  in  1840,  and  worked  both  anthracite  and  a  semi- 
bituminous  coal.  Kennedy  in  his  work  "Texas,  its  Geo- 
graphy, &c.,"  says,  coal,  both  anthracite  and  bituminous, 
abounds  from  the  Trinity  River  to  the  Rio  Grande. 

South  America. — In  the  Republic  of  New  Granada,  es- 
pecially at  Santa  F6  de  Bogota,  coal  occurs,  also  in  the 
island  of  Santa  Clara,  and  brown  coal  in  the  Province  of 
Panama. 

Venezuela  is  said  to  contain  coal,  but  whether  brown  or 
bituminous  coal  does  not  appear  certain, 

Peru  apparently  possesses  some  coal. 

Chili. — The  coal  of  this  district  has  been  examined  by 
many  American  engineers,  also  by  Captains  Fitzroy  and 
Becchy,  and  Mr*  Darwin.     In  1844,  upwards  of  twenty  coal 
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mines  were  open  in  the  neighbourhood  of  Conception.  At 
Tulcahnano,  a  new  seam  of  4^  feet  was  proved.  The  coal  is 
described  by  W.  R.  Johnson  as  "  in  external  appearance 
nearly  related  to  many  of  the  richest  bituminous  coals  of 
America  and  Europe,"  and  Mr.  Wheelwright,  in  his  report  on 
the  mines  and  coals  of  Chili,  says — "  In  fadt  the  whole 
southern  country  is  nothing  but  a  mine  of  coal." 

Brazil  does  not  possess  much  coal  of  any  value  ;  there  are 
a.  few  lignites. 

The  West-Indian  Islands. — Cuba,  in  the  vicinity  of 
Havannah,  produces  a  kind  of  asphaltum  much  resembling 
coal,  the  analysis  of  which  gives — Carbon,  34*97 ;  volatile 
matter,  63*00 ;  ashes,  2*03.  At  New  Havannah,  a  similar 
combustible  is  found,  but  it  contains  7i'84  of  carbon.  Tine 
coal  does  not  appear  to  have  been  found  in  Jamaica.  Sir 
H.  de  la  Beche  (Trans.  Geological  Society  of  London),  de- 
scribes three  or  four  thin  seams  of  coal,  imbedded  in  shale, 
near  the  north-eastern  extremity  of  the  island. 

Barbadoes. — Bitumen  is  found  plentifully,  and,  on  Grove 
Plantation  estate,  a  good  coal  is  said  to  be  produced. 

Trinidad. — The  pitch  lake  of  this  island  is  well  known. 
Near  it,  and,  it  is  believed,  extending  under  it,  a  true  coal  of 
superior  quality  is  worked. 

India. — The  following  information  is  extracted  from  the 
*'  Memoirs  of  the  Geological  Survey  of  India  "  : — 

Production  of  Coal  in  India. 

Distiias.  1 85  8.  1859.  1 860. 

Runnigang  coal  field  .     .  5,917,000  8,949,600  8,559,097 

Rajmahal  Hills      .     .     .  219,000  843,000  1,222,860 

Kurhrbari 4,000  io8,i8z  275,256 

Palamow —  28,648  30,900 

Syhlet  Hills 22,319  32,498  — 

Total,  in  mannels  .  .  .  6,162,319  9,961,928  10,088,113 
Or  in  tons 226,140       365.575       370,206 

Of  the  Singrowli  coal  field,  which  lies  to  the  south  of  the 
river  Sone,  in  the  Rewah  territory,  Dr.  Oldham  states  that 
he  has  not  been  able  to  procure  any  return,  but  he  is,  how- 
ever, aware  that  the  amount  of  coal  raised  has  been  small, 
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and  will  not  affedt  the  general  total.  More  than  one  bed  of 
coal  has  been  praftically  examined  in  the  continuation  of  this 
coal  field  to  the  west,  and  towards  Sin^pore ;  but  none  of 
these  are  as  yet  at  work  as  collieries.  The  Nerbudda  Valley 
has  long  been  known  to  contain  coal,  but,  owing  to  the  dis- 
tance from  any  available  market,  and  the  comparative  inac- 
cessibility of  the  localities  where  it  occurs,  it  has  not  hitherto 
been  economised. 

In  other  parts  of  the  North-Westem  Provinces  there 
is  no  known  workable  coal.  Seams  of  lignite,  of  very 
irregular  size  and  very  limited  extent,  occur  in  several  places 
along  the  foot  of  the  sub- Himalayas,  marking  a  certain 
group  of  sandstone  rocks  of  comparatively  recent  date,  but 
nowhere  are  these  deposits  known  to  be  of  sufficient  extent 
to  render  it  probable  that  they  will  ever  be  of  any  praAical 
use. 

In  Oude,  no  coal  is  known  to  occur,  nor  in  the  Punjaub, 
if  we  except  the  patches  of  lignite  which  have  been  found,  as 
in  the  North-Western  Provinces,  in  several  localities  along 
the  base  of  the  outer  Himalaya,  as  well  as  in  the  Salt  Range. 

In  Scinde,  the  only  coal  raised  was  that  of  Synah  Valley, 
as  given  above,  but  the  irregularity  and  the  small  extent  of 
this  deposit  has  caused  it  to  be  abandoned.  It  was,  in  faA, 
an  irregular  patch  of  lignite. 

In  Bombay  and  Hyderabad,  no  coal  is  known  to  occur. 
In  Nagpore,  a  small  coal  field  exists  near  to  Merut,  on  the 
border  of  the  Nerbudda  district,  which  may,  in  faA,  be  con- 
sidered a  continuation  (although  a^ually  separated)  of  the 
Nerbudda  deposits ;  the  coal  is  not  now  utilised. 

In  Madras,  no  coal  is  known.  It  has  been  more  than  once, 
and  even  very  recently,  stated  that  coal  occurs  on  the  Goda- 
very  or  some  of  its  tributaries,  but  as  yet  nothing  but  black 
shales,  which  will  not  support  combustion,  and  which  are, 
in  all  probability,  of  a  totally  different  age  from  the  coal- 
bearing  rocks  of  India,  have  been  met  with. 

New  South  Wales. — Running  down  the  rivers  Bremer 
and  Brisbane  to  the  town  of  Brisbane,  numerous  outcrops  of 
coal  may  be  seen  in  the  banks.  Several  works  are  situated 
about  half-way  between  Ipswich  and  Brisbane.      In  the 


,;.  Google 


PORBIQN   COAL   FIELDS.  439 

parish  of  Maggil  several  collieries  are  established.  "  The 
coal  varies  from  5  to  5  feet  in  thickness,  dipping  south  forty 
degrees  east,  angle  from  seven  to  eight  degrees,  although 
not  worked  to  its  whole  thickness,  except  where  they  wanted 
head  room  for  the  '  horse  way.'  The  main  coal  separates 
from  the  top  coal  at  about  4  feet ;  the  2  feet  of  the  top  coal 
is  good,  but  mixed  with  a  small  quantity  of  earth." — (Stuch- 
bury).  This  geological  surveyor  has  given  in  his  report 
several  sedtions  of  the  coal  on  either  side  of  the  Bremer  river. 
The  number  of  coal  mines,  their  produce  and  value,  being — 
In  1861, 18  mines  produced 342,068  tons,  valued  at  ^218,821 
»  1862,33     ..  ..         476,522    „         „  305.235 

„  1863,  20    „  „        433.889    „         „  236,231 

Queensland. — The  produce  of  the  collieries  were — 

In  1861 14,212 

„  1862 24,067 

„  1863 2,400 

Japan. — In  Japan,  coal  fields  are  worked  in  the  distriAs 
of  Kiusin  and  Nippon. 

Borneo. — In  the  Province  of  Labuan,  on  the  north-west 
coast,  there  is  abundance  of  coal  of  good  quality.  The  seam 
is  generally  9  feet  in  thickness.  The  coal  found  here  bums 
fast,  and  emits  a  bright  flame ;  it  soon  acquires  a  red  heat, 
and  continues  in  this  state  until  it  smoulders  into  a  white 
ash  like  that  of  wood ;  there  ia  not  much  smoke  from  it. 
For  several  years  past,  the  coal  mines  of  Moara  have  ceased 
to  be  worked. 

China. — There  appears  to  be  much  good  coal  in  China. 
It  is  procured  from  a  mine  on  the  River  Yang-tse-Kiang 
about  400  miles  from  its  mouth.  Of  the  other  coal-producing 
distriifts  little  is  known. 

Mr.  Consul  Morgan's  report  for  1864  on  the  trade  of  Tien- 
tsin says : — "  I  allude  to  coal,  extensive  mines  of  which  exist 
in  the  mountains  to  the  north  and  west  of  Pekin.  It  costs 
about  i6s.  per  ton  at  the  pit's  mouth,  and  more  than  double 
this  amount  per  ton  is  paid  for  transport  to  the  coast,  but 
the  mines  are  worked  in  the  rudest  way,  and  the  little  coal 
which  finds  its  way  from  the  western  range  of  Tien-tsin  is 
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conveyed  on  mules  or  camels  from  the  mountains  of  Tang- 
chow  on  the  Peiho,  and  thence  down  the  river  in  boats  to 
this  port.  From  the  mines  in  the  northern  range  there  is 
wa.ter  communication  of  an  indifferent  kind  to  Tien-tsin,  but 
the  quality  of  their  coal  is  much  inferior  to  that  which  comes 
from  the  western  mountains." 

Europe. — The  principal  coa]  fields  of  the  Continent  of 
Europe  are  those  of  Belgium,  France,  Spain  (in  the  Asturias), 
Germany,  and  Russia  (on  the  Donetz). 

Belgium. — The  Belgian  coal  field  is  of  great  importance, 
and  occupies  two  distridts — that  of  Liege,  and  that  of  Hain- 
ault,  the  former  containing  100,000,  and  the  latter  200,000, 
acres.  In  each,  the  number  of  coal  seams  is  very  considerable, 
but  the  beds  are  thin  and  so  much  disturbed  as  to  require 
special  modes  of  working.  The  quality  of  coal  is  very  various, 
including  one  peculiar  kind,  the  Flenu  coal,  unlike  any  found 
in  Great  Britain,  except  at  Swansea.  It  burns  rapidly,  with 
much  flame  and  smoke,  not  giving  out  an  intense  heat,  and 
having  a  somewhat  disagreeable  smell.  There  are  nearly 
fifty  seams  of  this  coal  in  the  Mons  distridt.  No  iron  has 
been  found  with  the  Belgian  coal. 

Mr.  Dunn,  Her  Majesty's  Inspedlor  of  Collieries,  has  re- 
ported on  the  coal  of  Belgium,  and,  first  quoting  a  report 
which  announces  that  the  mines  would  be  exhausted  in 
twenty  years,  says  :  — "  This  announcement  comes  with  ap- 
palling force  upon  the  numerous  joint-stock  companies. 
According  to  the  report  of  M.  Briavionne,  Belgium  is  tra- 
versing towards  a  momentous  crisis,  and  I  am  much  inclined 
to  confirm  the  writer's  opinion  that,  according  to  the  present 
plan  of  carrying  on  the  collieries,  notwithstanding  the  high 
price  received  for'  the  coals,  yet  that  coal  will  not  be  found 
workable  to  profit  below  the  depth  of  250  or  260  fathoms, 
inasmuch  as  the  deeper  they  go,  the  more  destrudtive  and 
unmanageable  will  be  the  effedls  of  the  pressure." — The 
Government  Mining  Engineer's  Report. 

Belgium  is  traversed  in  a  direftion  from  nearly  west-south- 
west to  east-north-east  by  a  large  zone  of  bituminous  coal 
formation.  The  entire  region  is  generally  described  under 
two  principal  divisions. 
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1.  The  Western  or  Hainault  division,  comprising — 

a.  The  two  basins  known  as  Levant  and  Couchant  of 
Mods;  that  of  Charleroi. 

b.  The  basin  of  Namur. 

2.  The  Eastern  or  Lidge  division. 

Netherlands. — There  is  only  one  coal  mine  in  Holland. 
It  is  situated  in  the  Province  of  Limbui^. 

France. — The  most  important,  largest,  and  best  known 
coal  fields  of  France  are  those  of  the  basin  of  the  Loire  and 
of  St.  Etienne,  comprising  about  50,000  acres.  In  this  basin 
are  eighteen  beds  of  bituminous  coal,  and,  in  the  immediate 
neighbourhood,  several  smaller  basins  containing  anthracite. 
There  are  other  valuable  deposits  in  Alsace,  several  in  Bur- 
gundy worked  by  very  deep  pits,  and  of  considerable  extent ; 
some  in  Auveigne,  with  coal  of  various  qualities ;  some  in 
Languedoc  and  Provence,  with  good  coal ;  others  at  Arvey- 
Fon  and  Limosin,  and  some  in  Normandy.  Besides  these, 
there  are  several  others  of  smaller  dimensions  and  less  extent, 
whose  resources  have  not  yet  been  developed.  The  total 
area  of  coal  in  France  has  not  been  ascertained,  but  it  pro- 
bably is  not  less  than  2000  square  miles.  The  annual  pro- 
duiflion  in  1865  exceeded  11,000,000  tons.  The  coal  of 
France  is,  however,  of  an  inferior  description,  and,  therefore, 
when  a  better  and  stronger  fuel  is  required,  the  supply  is 
obtained  from  foreign  coal  fields.  The  mineral  combustibles 
of  France  were  estimated,  in  1864,  by  the  Government  en- 
gineers as  follows : — 

Ton«. 

Anthracites 800,000 

Hard  coal,  short-flame     ....     1,400,000 

Forging  coal 600,000 

Bituminous  coal,  long  flame      .     .     4,000,000 

Soft  coal,  long  flame 3,000,000 

Lignites     .' 200,000 

10,000,000 

Spain. — Spain  contains  a  lai^  quantity  of  coal,  both 
bituminous  and  anthracite.  The  richest  beds  are  in  Asturias, 
and  the  measures  are  so  broken  and  altered,  as  to  be  worked 
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by  almost  vertical  shafts  through  the  beds  themselves.  In 
one  place,  upwards  of  eleven  distinfl  seams  have  been 
worked,  the  thickest  of  which  are  nearly  14  feet.  The  exadt 
area  is  not  known,  but  it  has  been  estimated  by  a  French 
engineer  that  about  12,000,000  tons  might  be  readily  ex- 
tradted  from  one  property,  without  touching  the  portion 
existing  at  great  depths.  In  several  parts  of  the  province 
the  coal  is  now  worked,  and  the  measures  seem  to  resemble 
those  of  the  coal  districts  generally.  The  whole  coal  area 
is  said  to  be  the  largest  in  Europe,  presenting  upwards  of 
100  workable  seams,  varying  from  3  to  12  feet  in  thickness. 

The  Asturias  Mining  Company  are  working  many  mines 
in  this  region,  which  are  said  to  produce  400,000  tons 
annually,  or  at  least  to  be  capable  of  doing  so.  In  Catalonia 
and  in  the  Basque  provinces  of  Biscay,  anthracite  and  bitu- 
minous coal  are  found. 

Coal  also  exists  in  the  Balearic  islands. 

Portugal. — Beds  of  lignite  and  some  anthracite  are  known 
to  exist,  but  the  produdtion  of  both  is  small. 

Italy. — The  principal  coal  mines  are  in  Savoy  and  near 
Genoa.  In  the  Appennlnes  some  coal  is  found ;  in  the 
valley  of  the  Po  there  are  large  deposits  of  good  lignite,  and 
a  small  quantity  of  good  coal  is  worked  in  Sardinia. 

Germany. — The  German  States  embrace  the  following 
principal  coal  beds : — 

(Westphalia. 
Silesia. 
Saarbriick,  and  Provinces  of  the  Bas 
Rhine. 
Hesse  and  Hanover. 


other  Qermafl  states.  {ly/J^; 


The  true  coal  of  Prussian  Silesia  stretches  for  a  distance 
of  seventeen  leagues.  The  coal  fields  of  Westphalia  were 
described  by  Sedgwick  and  Murchison,  in  1840.  The  pro- 
ductive coal  beds  are  on  the  right  bank  of  the  Rhine,  and 
possess  many  features  in  common  with  the  English  coal 
fields.  Bituminous  wood  and  lignite  or  brown  coal  occur 
extensively  in  some  distriifts.      The  coal  basin  of  SaarbrQck 
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has  thus  been  described  by  Hurabotdt,  chiefly  from  a  com- 
munication received  by  M.  von  Dechen  : — 

"The  depth  of  the  coal  measures  at  Mont  St.  Gilles, 
Li^ge,  I  have  estimated  at  5650  feet  below  the  surface,  and 
3250  feet  below  the  sea  level.  The  coal  basin  at  Mons  lies 
fully  1750  feet  deeper.  These  depressions,  however,  are 
trifling  when  compared  with  that  of  the  coal  strata  of  the 
Saar  rivers  (Saarbrilck).  After  repeated  trials  I  have  found 
that  the  lowest  coal  strata  known  in  the  county  of  Dutt- 
weiler,  near  Bettingen,  north-eastward  from  Saar-louis,  dip 
19,406  feet,  and  30,656  below  the  level  of  the  sea." 

Coal  is  found  in  WOrtemberg,  but  it  is  not  much  worked. 
In  Saxony,  extensive  mines  of  bituminous  coal  exist ;  at 
Schonfield,  near  Zwickau,  the  coal  alternates  with  porphyry. 
Near  Dresden,  a  bituminous  coal  is  also  worked,  and  the 
coke  manufa^ured  from  it  ts  used  in  the  metallurgical  works 
at  Freiberg. 

Electoral  Hesse  produces  little  beyond  lignite.  In  Hesse 
Cassel,  some  bituminous  coal  is  worked  ;  real  stone  coal  is 
as  yet  only  produced  in  the  county  of  Schaumburg.  From 
the  Thiiringerwald,  some  coal  is  obtained. 

There  are,  at  present,  only  three  coal  mines  in  the  Grand 
Duchy  of  Baden:  one  at  Berghaupten,  in  the  district  of 
Gengenbach,  another  at  Zunsweiler,  in  the  distriifl  of  Offen- 
burg,  and  a  third  at  Duisburg,  in  the  same  distri<5t. 

The  most  considerable  quantity  of  Hanoverian  coal  is 
found  some  miles  south  of  the  capital,  in  the  mountains 
called  Deister  and  Osterwald,  also  at  the  Siintel,  and  in  the 
neighbourhood  of  OsnabrUck. 

Coal  and  brown  coal  are  produced  in  Bavaria,  from 
Amberg,  Bodenmais,  Bodenwohr,  Kissingen,  Munich, 
Southofen,  Steben,  Wundsiedet,  Fichtelberg,  and  Rhein 
Palatinate. 

The  produiftion  of  mineral  and  brown  coal,  in  Prussia 
(excluding  the  provinces  of  Hanover  and  Hesse)  amounted, 
in  i860,  to  about  276,200,000  Prussian  cwts.;  that  of  Saxony, 
in  1859,  to  30,389,477  cwts. ;  and  that  of  Bavaria,  in  i860, 
to  5,181,636  Prussian  cwts. 

Poland. — There  are  several  coal  mines  in  Poland.     Those 
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of  the  brown  produce  about  1,000,000  sacks  of  3^  bushels, 
and  those  of  the  western  distrii5l  8,000,000  lbs.  per  aanum. 

Hungary  and  other  countries  in  the  east  of  Europe  con- 
tain true  coal  measures  of  the  carboniferous  period,  but'the 
resources  of  these  distri(5ts  are  not,  at  present,  developed. 
On  the  banks  of  the  Donetz  in  Russia,  coal  is  worked  to 
some  extent,  and  is  of  excellent  quality. 

Austria, — Coal  occurs  in  Styria,  Carinthia,  Dalmatia,  the 
Tyrol,  Moravia,  Lombardy,  and  Venice ;  but  700,000  tons 
appear  to  be  the  maximum  annual  produtflion  of  the  empire. 
The  basin  of  Vienna,  in  Lower  Austria,  produces  several 
varieties  of  coal,  which  belong  to  the  brown  coal  of  the 
tertiary  period. 

Bohemia.— In  this  kingdom  coals  are  abundant;  one  coal 
field  occupies  a  length  of  15  leagues,  and  a  breadth  of  from 
four  to  five  leagues.  Between  300,000  and  400,000  tons  are 
produced  annually. 

Sweden. — Anthracite  is  found  in  small  quantities  at 
Dannemora,  and  bituminous  coal  is  worked  at  Helsingborg, 
at  the  entrance  of  the  Baltic. 

Denmark. — The  island  of  Bomholm,  and  some  other 
islands  belonging  to  Denmark,  produce  coal,  but  it  appears 
to  belong  to  the  Bovey  coal  variety. 

Russia. — The  Donetz  coal  field  is  the  most  important. 
In  that  extensive  distrita,  according  to  Sir  R.  I.  Murchison, 
many  good  seams  of  both  bituminous  and  anthracitic  coal 
exist. 

Turkey. — Coal  is  found  bordering  on  the  Carpathian 
Mountains,  also  in  Servia,  Roumelia,  and  Bulgaria. 

The  coal  of  Heraclia,  on  the  south  coast  of  the  Black  Sea 
in  Anatolia,  has,  since  the  Crimean  war,  been  exciting  much 
attention. 

Smyrna. — Moderately  good  coal  is  found  at  Nazli,  near 
Olidin.    There  are  other  coal  mines  of  very  inferior  quality. 

Greece. — No  coal,  properly  so  called,  is  known  to  exist 
in  Greece,  but  lignite  has  been  found  in  several  places. 

The  relative  importance  of  mineral  fuel  in  various  countries, 
as  indicated  by  the  aiflual  coal  area  and  the  real  produdtion 
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of  the  coal  fields,  may  be  understood  by  a  reference  to  the 
subjoined  table.*  These  areas  are  based  upon  the  data 
given  by  Mr.  Taylor,  but  with  some  modifications  : — ■ 


Coal  Area  in 
Conntries.  Square  Miles. 

British  Islands  ....  i3,8oo 

France 2,000 

Belgium 520 

Spain 4,000 

Prussia.     ......  1,200 

Bohemia 1,000 

United  States  of  America  113,000 

British  North  America    .  18,000 


Proportion  of 

Annual 

the  whole 

Prod  uA!  on 

Area  of  tbe 

in   Tom  in 

Country. 

i86j. 

1 — 10 

98,150,587 

I — 100 

11,300,000 

I — 22 

9,758,200 

1-52 

500,000 

1-90 

10,748,685 

I — 20 

1,966,000 

2—9 

16,472,410 

1—20 

2,750,000 

CLASSIFICATION  OP  COAL. 

Some  mineralogists,  as  Dana,  divide  coal  into  bituminous 
and  non-bituminous,  and  under  these  divisions  they  group 
the  numerous  sorts  of  coal  which  occur,  as 

Bituminous  Varieties. 

1.  Pitch  or  Caking  Coal  (Dana)  which  bums  readily 
with  a  yellow  flame,  and,  on  being  heated,  unites  into  a 
solid  mass,  which  requires  to  be  stirred  to  prevent  its  too 
complete  consolidation. 

2.  Cherry  Coal  somewhat  resembles  caking  coal,  but  it 
bums  more  rapidly,  with  a  clear  yellow  flame,  and  in  burning 
it  does  not  soften  or  cake. 

3.  Splint  or  Splent  Coal  is  a  term  used  in  Scotland  for 
a  hard  laminated  variety  of  bituminous  coal,  intermediate 
in  texture  between  caking  and  cannel  coal.  The  name  is 
derived  from  its  splitting  (or  splmting)  up  in  lai^e  flaggj'  or 
board-tike  laminae  (Page).  It  is  a  coarse  kind  of  cannel 
coal  (Dana).  A  variety  of  bituminous  (cannel)  coal,  with  a 
slaty  struflure,  and  of  a  harder  and  tougher  nature  than 
cherry  coal.  Splint  coal  is  used  by  Lyell  as  the  equivalent 
of  anthracite. 

*  Urb'b  DidiooMy  of  Art*  tmd  Minei,  vol.  i.,  p.  744. 
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4.  Cannel  Coal.— A  coal  with  a  fine  compaft  texture,  and 
a  large  conchoidal  frafture ;  it  receives  a  good  polish,  and 
is  sonorous  when  stnick.  It  is  coal  more  perfe^flly  bitu- 
minised  than  No.  i.  In  Scotland,  this  coal  is  called  parrot 
coal,  from  the  crackling,  chattering  noise  which  it  makes 
when  first  thrown  into  the  fire. 

Jet  resembles  cannel  coal,  but  is  blacker  and  has  a  far 
more  brilliant  lustre. 

Flint  Coal. — A  kind  of  coal  resembling  anthracite  in  ap- 
pearance,  but  containing  bitumen. 

Flew  Coal  resembles  flint  coal.  It  must  be  regarded  as 
a  local  name  for  the  coal  found  at  Wedgebury,  in  Stafford- 
shire. 

Crow  Coal. — A  coal  found  near  Alston,  containing  but  a 
small  quantity  of  bitumen. 

Albert  Coal  or  Albertite. — A  bituminous  coal  found  in 
Nova  Scotia  ;  it  has  the  appearance  of  asphaltum,  and  is 
partly  soluble  (about  20  per  cent),  but  it  has  not  the  fusibility 
of  asphaltum. 

Mon-Bituminou8  Varieties. 

Anthracite. — A  coal  with  a  sharp-edged,  shining,  con- 
choidal fratJture,  not  easily  ignited,  but  when  burning  it  gives 
out  an  intense  heat,  unaccompanied  by  smoke,  and  produces 
but  little  flame.     Often  called  sione  coal. 

Culm. — An  impure  shaly  kind  of  coal,  or  anthracite  shale, 
as  the  culmniferous  or  anthracite  shales  of  Devon.  The 
term  is  used  in  parliamentary  returns  to  signify  anthracite. 

Foasil  Coal. — An  American  variety,  more  compa<5t  than 
artificial  coke,  supposed  to  be  produced  by  the  adlion  of  trap 
rock  on  anthracite. 

Recent  Coal. — The  true  coal  era  is  a  well  defined  one. 
Geologically,  it  lies  between  the  old  and  new  red  sandstone 
rocks.  A  newer  coal  is  found  in  the  lias  at  Richmond  in 
Virginia,  United  States,  as  belonging  to  the  oolites,  and  at 
Brora  in  Sutherlandshire,  Scotland.  The  coal  occurring  in 
Hanover,  belongs  also  to  the  newer  formation.  These  more 
recent  coals  are  very  insignificant  compared  with  the  true, 
old  coals. 
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Technologically,*  coal  is  classified  according  to  age,  on 
which  their  composition  and  behaviour  in  the  fire  depends. 

1.  Anthracite. t — This  kind  of  coal  shows  scarcely  any 
vegetable  structure,  is  very  brittle,  of  iron-black  colour  and 
metallic  lustre.  It  is  considered  to  be  the  oldest  coal,  and 
is  formed  by  external  influences  upon  the  other  kinds  of 
mineral  coal. 

De  la  Beche  describes  anthracite  as  a  variety  of  coal  con- 
taining a  larger  amount  of  carbon  and  less  bituminous  matter 
than  common  coal. 

Concerning  the  occurrence  of  anthracite,  the  "  Memoirs  of 
the  Geological  Survey"  contain  the  following  account : — "We 
see  the  same  series  of  coal  beds  becoming  so  altered  in  their 
horizontal  range  that  a  set  of  beds,  bituminous  in  one  locality, 
is  observed  gradually  to  change  into  antktacitic  in  another. 
Taking  the  coal  measures  of  South  Wales  and  Monmouth- 
shire, we  have  a  series  of  accumulations  in  which  the  coal 
beds  become  not  only  more  anthracitic  towards  the  west,  but 
also  exhibit  this  change  in  a  plane  which  may  be  considered 
as  dipping  S.S.E.  at  a  moderate  angle,  the  amount  of  which 
is  not  yet  clearly  ascertained ;  so  that  in  the  natural  sections 
afforded,  we  have  bituminous  coal  in  the  high  grounds,  and 
anthracitic  coal  beneath.  This  faifl  ifi  readily  observed  either 
in  the  Neath  or  Swansea  valleys,  where  we  have  bituminous 
coal  on  the  south  and  anthracite  on  the  north,  and  more 
bituminous  coal  beds  on  the  heights  than  beneath,  some 
distance  up  these  valleys — those  of  the  Nedd  and  Tawe. 
Though  the  terms  bituminous  coal  and  anthracite  have  been 
applied  to  marked  differences,  the  changes  are  so  gradual 
that  there  is  no  sudden  modification  to  he  seen.  To  some 
of  the  intermediate  kinds  the  term  "  free  burning"  has  been 
given,  and  thus  three  chief  differences  have  been  recognised." 

J.  P.  Lesley  states  that  anthracite  is  not  an  original 
variety  of  coal,  but  a  modification  of  the  same  beds  which 
remain  bituminous  in  other  parts  of  the  region.  Anthracite 
beds,  therefore,  are  not  separate  deposits  in  another  sea,  nor 

*  Ekdh.,  J.  f.  pr.  Cbem.,  xii.,  106. 

t  Urb'B  Didlonacy  of  ArU  and  Mines,  vol.  i.,  p.  173. 
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coal  measures  in  another  area,  nor  interpolations  among 
bituminous  coal,  but  the  bituminous  beds  themselves  altered 
into  a  natural  coke,  from  which  the  volatile  bituminous  oils 
and  gases  have  been  driven  off. 

The  term  culm  is  applied  both  to  an  inferior  kind  of  an- 
thracite only  worked  for  making  lime,  or  for  mixing  with 
clay,  and  to  the  smalt  pieces  of  good  anthracite  obtained  in 
working  the  true  anthracitic  beds.  It  is  also  called  blind 
coal,  glance  coal,  and  Kilkenny  coal. 

There  are  three  very  distindl  "  trades "  in  anthracite. 
First,  that  in  which  the  coal  is  sold  exadlly  as  it  is  worked, 
"through  and  through,"  as  it  is  termed,  or  through  culm, 
which  is  used  entirely  for  lime-burning.  This  coal  is  not  of 
so  pure  a  kind  as  that  from  which  the  large  coal  is  picked 
out,  and  is  sometimes  called  "  bastard  stone  coal."  The 
trade  of  the  Neath  distriA  is  entirely  in  this  kind.  In  Swan- 
sea and  Llanelly  it  is  partly  of  this  kind,  and  partly  of  that 
where  the  large  coal  is  picked  out  and  sold  as  stone  coal  for 
the  various  purposes  to  which  that  fuel  is  applied,  leaving 
the  small  to  be  shipped,  also  for  lime-buming  purposes,  under 
the  name  of  siorte  coal  calm.  In  Pembrokeshire,  no  "  through 
culm  "  is  shipped.  There  is  one  curious  lot  of  4,000  tons 
annually  shipped  in  Swansea  under  the  name  of  lambskin, 
which  is  almost  dust.  It  is  sent  to  one  market— Cardigan- 
shire— where  it  is  used  entirely  for  mixing  with  clay;  the 
mixture,  under  the  name  oi  fire-balls,  being  applied  to  house- 
hold purposes.  This  mixture,  made  of  the  ordinary  s/ow 
coal  culm,  is  also  very  commonly  used  in  parts  of  Pembroke- 
shire and  Caermarthenshire. 

Anthracite  coal  is  obtained  in  this  country  at  Bideford  in 
Devonshire,  at  Walsall  in  Staffordshire,  in  the  western  divi- 
sions of  the  South  Wales  coal  field,  in  Ireland,  and  near 
Edinburgh.  It  is  found  abundantly  in  America.  Professor 
H.  D.  Rogers,  "  Transadlions  of  American  Geologists,"  states 
that,  in  the  great  Apalachian  coal  fields,  extending  720  miles, 
with  a  chief  breadth  of  iSo  miles,  the  coal  is  bituminous 
towards  its  western  limit,  where  it  is  level  and  unbroken, 
becoming  anthracitic  towards  the  south-west,  where  it  is 
disturbed.    Anthracitic  coal  is  also  found  in  the  coal  fields  of 


,;  Google 


ANTHRACITE.  449 

France,  especially  in  the  departments  of  Isere,  the  High 
Alps,  Gard,  Mayenne,  and  Sarth,  about  42,271,000  kilo- 
grammes are  produced  annually ;  it  is  also  procured  from 
Belgium  and  Hanover. 

Anthracite,  now  exclusively  used  for  the  manufa(5ture  of 
iron,*  for  steam  engines,  and  domestic  purposes  in  the  United 
States,  was  some  fifty  years  since  regarded  as  incombustible 
refuse,  and  thiown  away. 

Owing  to  its  purity,  anthracite  yields  iron  of  better  quality 
than  mineral  coal  or  coke.  It  is  also  used  for  the  produdtion 
of  combustible  gases,t  and  is  applied  in  copper  smelting 
works.l 

In  this  country,  anthracite  coal  is  used  in  the  manufadture 
of  iron  in  the  following  furnaces : — 

FurnacM  in  BUM 

Ystalyfera  in  Glamorganshire 6 

Yniscedwyn  in  Breclmockshire     .     .     .     .     i 
Brynamman  in  Carmarthenshire       .     .    .     i 

Kilgetty  in  Pembrokeshire i 

The  quantity  of  anthracite  iron  made  in  1864  was  26,565 
tons. 

The  anthracite  coal  worked  in  South  Wales  in  1864 
amounted  to  509,475  tons,  viz. : — 

Tom. 

Pembrokeshire 146,000 

Carmarthenshire  and  Glamorganshire     .     303,475 
Professor  W.  R.  Johnson,  of  Pennsylvania  College,  informs 
us  that  fourteen  furnaces,  using  anthracite  for  the  production 
of  iron,  were  in  use  in  the  United  States  (1856). 

Overmanng  states  that  the  number  of  blast  furnaces  in  the 
United  States  may  be  estimated  at  800,  of  which  about  60 

*  Brdw.,  Jonrn.  f.  pr.  Chem.,  iv.,  393 ;  xxii.,  17 ;  xxvi.,  25$.  Bgwkfd.,  (., 
295,  485 !  »-.  397 ;  "!■.  169 ;  iv-,  175 :  vi.,  186 ;  vii.,  136  j  viii.,  4, 460 ;  wii.,  39. 
B.  u.  h.  Ztg.,  1B43,  pp.  8s,  964;  1849,  p.  314;  183a,  p.  755:1853,  p.  905;  i8s4, 
p.  149.  Lamp.,  Foruchr.,  1839,  p.  36.  Pol/I.  Centr.,  1849,  p.  3ei.  J«)irb. 
d.  k.  k.  geol.  ReichiatiBt.,  1853,  No.  3,  p.  7.  Kabst.,  Arch.,  2  R.,  Bd.  35, 
pp.  579.  601. 

f  Folyt.  Centr.,  1846,  p.  493.  Bgwkrd.,  viii.,  505.  B.  u.  h.  Ztg.,  1849,  p.  343. 

t  B.  a.  h.  Ztg.,  1853,  p.  316 ;  1859,  p.  310. 

II  OvnMANH'B  Treatite  on  Metallurgy :  New  Yorii,  1S65.  p,  536. 
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are  anthracite  furnaces,  8  bituminous  coal  furnaces,  and  a 
similar  number  coke  furnaces ;  in  the  others,  charcoal  is  used. 
The  following  table  shows  the  increase  of  produiEtion  of 
anthracite  in  America  from  1840  to  1862  inclusive,  from 
Schuylkill,  Lehigh,  and  Wyoming : — 


Yor. 

Tom. 

1840 

864,384 

1841 

950.973 

184a 

1,108,418 

1843 

1,263,598 

1844 

1,630,850 

l^i 

1,013,013 

2,344,005 

1847 

2,882,300 

1848 

3,089,238 

1849 

3,217,641 

1850 

3,321,136 

1851 

4.329,530 

185a 

4.899,975 

1853 

5,097,144 

1854 

5.831.834 

1855 

6,486,097 

1856 

6,751,542 

1857 

6,431,379 

1858 

6,819,881 

1859 

7,838,439 

i860 

8,500,550 

isez 

7.424.530 

i86a 

7.527.356 

The  progress  of  the  annual  consumption  of  anthracite  in 

e  United  States  was  estimated  as  follows : — 

Torn. 

1820  about                       330 

1825     , 

35.000 

1830     , 

176,000 

1835     , 

561,000 

1840     , 

865,000 

1845     , 

2,023,000 

1850     , 

3.357.000 

1853     , 

5,195.000 

The  following  statements  concerning  anthracite  are  made 
by  Overmann" : — 

*  OvKRHANM's  TreatUe  on  HeUUo^y :  New  York,  1865,  pp.  390,  J35. 
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Anthracite  is  the  most  important  and  best  fuel  for  the 
smelting  of  metals,  partly  because  it  is  nearly  as  pure  as 
charcoal,  and  generally  cheaper  than  either  that  substance 
or  coke.  When  a  ton  of  bituminous  coal  can  be  bought  at 
50  cents,  which  is  an  average  price  in  the  coal  regions  of  the 
West,  a  ton  of  coke  will  cost  not  less  than  two  dollars,  at 
which  price  many  of  the  iron  furnaces  buy  anthracite.  The 
points  in  which  the  advantages  of  anthracite  are  greatest, 
are  these : — If  coal,  coke,  and  anthracite  must  be  trans- 
ported, the  latter  is  far  before  the  first  in  cheapness.  A  ton 
of  charcoal  cannot  be  furnished,  under  the  most  advanta- 
geous circumstances,  for  less  than  six  dollars.  When  we 
consider  that  anthracite  occasions  no  expense  in  the  eretStion 
of  char  ovens  and  yards,  or  for  the  superintendence  of  the 
charring  operation,  no  interest  on  capital  invested  in  a  stack 
of  wood,  charcoal,  or  coke,  there  is  little  doubt  as  to  the 
advantage,  in  point  of  cheapness,  which  anthracite  possesses 
over  charcoal  and  coke  in  melting. 

Anthracite  is  not  so  inflammable  as  either  dry  wood  or 
bituminous  coal,  but  it  may  be  made  to  bum  quite  as  vividly 
as  either,  by  exposing  it  to  a  strong  draught,  or,  in  a  large 
mass,  to  the  a(5tion  of  air.  Since  there  is  little  or  no  hydro- 
gen in  this  coal,  it  bums  without  flame,  the  absence  of  which 
arises  chiefly  from  the  lack  of  solid  heated  particles  in  the 
gases,  and  as  transparent  hot  gas  does  not  radiate  heat,  no 
matter  what  may  be  its  temperature,  it  has  been  found  that 
the  anthracite  flame  does  not  heat  the  hearth  of  a  reverbera- 
toiy  furnace  so  well,  or  so  quickly,  as  bituminous  coal  or 
flaming  wood.  This  evil  can  be  remedied  by  applying  a 
blast  under  the  grate  of  a  furnace.  Fine  particles  of  coal 
are  thus  carried  over  by  the  hot  gases,  and  the  flame  so 
formed  radiates  heat  as  well  as  that  of  any  other  fuel.  It 
is  manifest  that  the  pressure  of  blast,  or  the  force  of  the 
current  of  air,  which  is  to  detach  these  particles,  must  be 
in  proportion  to  the  refradtory  nature  of  the  coal.  If  the 
draught  is  too  strong,  the  particles  will  be  too  large,  and 
will,  therefore,  be  deposited  on  the  hearth,  where  the  current 
has  not  sufficient  strength  to  keep  them  suspended,  and 
their  effect  will  thus  be  lost.  If  the  particles  are  extremely 
202 
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small,  and  Ihe  furnaces  so  constructed  as  to  retain  a  lively 
current,  their  subsidence  is  prevented.  A  low  roof  is,  there- 
fore, required  in  burning  anthracite  coal  in  a  reverberatoiy 
furnace.  Another  consideration  which  exerts  an  essential 
influence  on  the  formation  of  flame,  is  the  size  of  the  grate. 
Small  grates  generally  furnish  more  flame  than  large  ones, 
but  only  when  flaming  fuel  is  used,  in  which  the  carburetted 
hydrogen  afibrds  the  carbon  as  minutely  as  is  requisite.  A 
large  grate  is,  in  this  instance,  more  suitable  to  form  a  good 
sabstantial  flame  than  a  small  one,  for  a  gentle  draught  in 
it  will  produce  only  small  particles,  while  a  strong  blast 
tears  off  large  ones,  which  are  of  little  use.  The  truth  of 
this  explanation  of  the  formation  of  flame,  is  forcibly  illus- 
trated in  the  re-heating  and  puddling  furnaces  in  the  iron 
works.  For  re-heating  or  welding  iron,  anthracite  is  de- 
cidedly preferable  to  bituminous  coal,  because  it  is  more 
economical  and  works  faster.  The  low  roof  in  the  re-heating 
furnaces  is  the  only  cause  of  good  work  with  anthracite. 
The  same  coal,  with  the  same  blast  and  size  of  grate,  will 
produce  a  perfei5tly  white  flame  in  a  re-heating  furnace,  but 
we  cannot  obtain  a  similar  flame  from  it  in  a  puddling 
furnace. 

The  ashes  which  are  formed  by  anthracite  and  deposited 
in  the  flues,  or  on  the  hearth,  are  sometimes  a  cause  of  ob- 
jeiflion.  The  evil,  if  it  cannot  be  entirely  obviated,  can  at 
least  be  greatly  modified,  by  increasing  the  surface  of  the 
grate.  It  is  in  connection  with  the  deposits  of  these  ashes 
that  the  strong  draught,  as  we  remarked  before,  tears  loose 
large  particles  of  carbon  which  can  neither  be  supported  by 
the  slowly  moving  gases,  nor  consumed,  because  their  mass 
is  too  large  and  refradlory. 

Regnault  and  Jacquelin  analysed  ten  kinds  of  anthracite, 
and  found  them  to  contain : — 

Carbon 93 — 98    percent 

Hydrogen     ....  1*25 — ^4'z8      „ 

Oxygen 0—4-18      „ 

Nitrogen 0*29 — 2*90      „ 
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Principal  Localities  of  AnthraciU  and  Anthracitic  Coal,  Sc. 

specific 
Gravity. 


Weight  of  K 
Specific      Cubic  Yard 


Europe. 

South  Wales; — Swansea i'263  2131 

Cj^arthfa i'337  2256 

Yoisccdwin i"354  2284 

Average 1*445  ^^7^ 

Ireland,  mean i'445  2376 

France  :— AlUer 1-380  2207 

Tantal 1*390  2283 

Brassac i'430  2413 

Belgium : — Mons i'307  2103 

Westphalia i'3o5  2278 

Prussian  Saxony 1*466  2474 

Saxony I'300  2193 

Average  of  Europe    ...  —  2281 

A  merica. 

Pennsylvania : — Lykens  Valley ....  I"327  2240 

Lebanon  Co.,  grey  vein    .    .     .  i"379  2327 

Schuylkill  Co.,  Lorbeny  Creek  .  1*472  2484 

Pottsviile,  Sharp  Mountain  .     .  i"4r2  2382 

„         Peach 1*44^  2440 

„         Salem  Vein.     .     .    .  i"574  2649 

Tamaqua  North  Vein  ....  i*5oo  2700 

Maunch  Chunk i'55o  2615 

Nesquehoning i'55S  2646 

Wilkesbarre,  best i'472  2884 

West  Mahoney i'37i  2313 

Beaver  Meadow i'6oo  2700 

Girardville 1*600  2700 

Hazelton i*55o  2615 

Broad  Mountain 1*700  2869 

Lackawanna 1*609  2715 

Massachusetts :— Mansfield 1710  2882 

Rhode  Island  : — Portsmouth     ....  i-8io  3054 

Average  in  the  United  States  —  2601 

D,g,t7cdb/GOOgIC 


The  following  analyses  of  bituminous  and  anthracitic  coal 
will  be  sufficient  to  show  the  differences  between  them  : — 


Laaiitr. 

NinieafCnI. 

CarboB. 

Uuut. 

Athu. 

*n-Tyne 

60-50 

3550 

4-00 

AnlhraciU. 

32-46 

+2-30 

3-Q4 

Netitb  Abbey 

Pwlferon  Vein,  5th  b«d 

gi-08 

S-00 

0-92 

Smmea 

Peacock  Coal 

89-00 

750 

3-50 

Ystalyfer. 

Braw  Vein 

50-46 

6-04 

1-50 

Cwm  Neath 

Mine-feet  Vein 

93-12 

5"  23 

France 

79' 'S 

7'37 

13-23 

Caie-d'or 

82-60 

86^ 

8-sS 

Mail  Saize 

83-80 

7- JO 

950 

Beaver  Meadow 

92-30 

6-42 

1-2S 

Shenoweth  Vein 

94- 10 

1-40 

4-50 

Black  Spring  Gap 

80-57 

r's 

3-28 

Ncaley'B  Tunnel 
Maoafield  Mine 

89-20 

5'40 

5-40 

97-00 

3-00 

Rhode  Island 

85-84 

10-50 

3-66 

t            Sean.                 ; 

8a-o3 

8-69 

9-45 

3.  Bituminous  Coal  (Backkohle,  Fettkohle). — This  yields 
A  caked  coke  of  metallic  lustre ;  the  coke  is  full  of  blisters  of 
larger  or  smaller  size,  and  has  a  greater  volume  than  the 
original  coal.*  Bituminous  coal  ignites  more  easily  than 
the  other  kinds,  on  account  of  the  amount  of  hydrogen  it 
contains ;  it  therefore  produces  the  longest  flame,  and  is 
particularly  adapted  for  the  produ(5lion  of  illuminating  gas  ; 
it  is  less  fit  for  burning  in  grates,  as  owing  to  its  property  of 
swelling,  it  is  liable  to  obstru<5t  the  grate,  thus  impairing 
the  draught  and  necessitating  a  frequent  opening  of  the 
grate  bars.  On  the  other  hand,  the  small  coal  of  this  bitu- 
minous kind  is  well  adapted  for  this  purpose,  whilst  non- 
bituminous  coal,  in  small  pieces,  is  perfectly  useless,  as  it 
falls  through  the  grate  bars.  This  kind  of  bituminous  coal 
is  likewise  well  suited  for  forges  (forging  coal),  as  it  swells 
before  the  tuyere,  and  thus  forms  a  vault,  in  which  the  heat 
concentrates.  The  cannel  coal  of  Lancashire  and  Scotland 
is  chiefly  used  for  the  produftion  of  illuminating  gas ;  the 
bituminous  coal  of  Northumberland  and  Durham,  which  in 
commerce  is  frequently  termed  Newcastle  coal,  is  of  two 

*  Brdm.,  Joum.  f.  pr.  Cb.,  vii.,  I, 
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kinds,  one,  rich  in  carbon,  produces  a  short  flame  but  a 
h^h  yield  of  coke,  and  is  rarely  fit  for  forging  purposes ;  the 
other,  similar  to  the  Westphalian  coal,  is  richer  in  flame, 
and  well  adapted  for  heating  boilers. 

According  to  Regnault,  the  bituminous  coal  of  Newcastle 
and  Lancashire  contain  : — 

Carbon   ....    85"8i — Sg'ig  per  cent 
Hydrogen    .     .     .      5"3i—  5*85      .. 
Oxygen  ....      S'S^—  8'34      •■ 
The  Westphalian  coal  is  mostly  Dituminous,  being  anthra- 
citic  only  in  the  lowermost  scams.     It  is  well  adapted  for 
heating  boilers,  for  household  purposes,  for  the  produAion 
of  coke,  for  forges,  and  partly  also  for  the  produftion  ot 
illuminating  gas.    This  coal  is  raised  from  the  pits  mostly 
in   small  pieces  (Gruskohlen)  which  cake  when  burnt  on 
grates.    According  to  Peters,  they  contain  in  loo  parts  of 
organic  substance : — 

Carbon 85*4  per  cent 

Hydrogen 5'i      „ 

Oxygen  and  Nitrogen    .     .      9*5      ,, 

The  specific  gravity  of  bituminous  coal  is  i'2983,  and  that 
of  the  anthracitic  kind  1*3647.  The  Prussian  measurement 
of  coal  termed  "  Scheffel "  comprises  ij  Prussian  cubic  feet, 
and  weighs  10477  Prussian  lbs.;  it  contains  70*4  per  cent 
of  compaifl  coal. 

The  bituminous  coal  occurring  near  Dresden  contains, 
according  to  Stein  : — 

Carbon 80*4      per  cent 

Hydrogen    ....  4-6  „ 

Oxygen 14*6  „ 

Nitrogen     ....  o'li — 077      „ 

According  to  Regnault,  the  bituminous  coal  of  France  has 
the  following  composition : — 

Carbon 85*00 — 90*50  per  cent 

Hydrogen  ....    4*88 —  5-85    „ 
Oxygen .....    4-53—  9*36    „ 
This  kind  of  coal  yields,  on  dry  distillation,  a  compafl 
caked  coke  of  darkish  colour,  frequently  with  a  metallic 
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lustre  on  the  surface.  This  coal  is  termed '  in  German 
"  SintericohleD,"  and  is  well  adapted  for  burning  on  grates, 
for  cupola  furnaces,  and  for  all  those  purposes  requiring  a 
low  but  continued  temperature. 

The  coal  of  Upper  Silesia  is  for  the  most  part  but  slightly 
bituminous ;  they  cake  a  little,  however,  and  yield  a  flame ; 
their  composition  is,  according  to  Peters : — 

Carbon 79*2  per  cent 

Hydrogen 5*1      „ 

Oxygen 157      „ 

The  coal  of  Zwickau  (Saxony)  belongs  to  this  kind,  and 
contains,  according  to  Stein,  in  100  parts  of  dry  coal  free 
from  ash : — 

Carbon 83  "5    per  cent 

Hydrogen 4*8  „ 

Oxygen 11-3 

Nitrogen o'og — o"68     „ 

French  coals,  of  this  kind,  contain,  according  to  Reg- 
nault : — 

Carbon    ....  82*92 — 84'56  per  cent 
Hydrogen     .     .     .    5'23—  5"32      .. 
Oxygen    ....  10*12 — 11*78      „ 
The  coal  which  the  Germans  term  "  Sandkohlen,"  is 
very  rich  in  oxygen  ;  it  shrinks  greatly  on  coking,  whilst  the 
remaining  coke  consists  of  small  loose  pieces,  which  are  of 
little  use.    This  coal  is  used  for  burning  lime  and  bricks, 
roasting  ores  in  heaps,  &c. 

Regnault  found  sand  coal  to  contain : — 

Carbon    ....  76*05 — 78-32  per  cent 
Hydrogen    .     .     .    5'35—  5*84      .. 
Oxygen    ....  16*30 — i8*a6      „ 
Examination  of  the  Different  Kindsof  Coal.— The  nature 
of  coal  may  frequently  be  judged  of  by  its  external  appear- 
ance.    A  full  black  colour,  lively  lustre,  and  great  hard- 
ness,  indicate  a  large  amount  of  oxygen  ;  a  pitch-like  lustre 
shows  a  small,  and    a  glassy  lustre,   a  somewhat  larger 
amount  of  carbon :    black   colour,    strong    lustre,  slight 
coherence,  and  little  tenacity,  indicate  the  presence  of  a 
large  amount  of  carbon,  and  also  that  the  amount  of  hydrogen 
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exceeds  that  of  oxygen ;  brownish  black  colour,  dull  appear- 
ance, strong  coherence,  and  a  certain  hardness  indicate  a 
smalt  amount  of  carbon,  whilst  the  amount  of  oxygen  exceeds 
that  of  hydrogen. 

Washing  Coal. — A  mechanical  preparation  is  now  and 
then  employed  to  free  the  coal  from  intermixed  slate  and 
iron  pyrites,*  The  following  apparatus  are  described  by 
Ure.+ 

M.  B£rard  was  the  inventor  of  a  veiy  successful  apparatus 
for  purifying  small  coal.  He  exhibited  his  arrangement  at 
the  Great  Exhibition  of  1S51,  receiving  the  council  medal. 
The  decoration  of  the  Legion  of  Honour  and  a  gold  medal 
were  also  awarded  to  him  at  the  Paris  Exhibition  of  1855. 
This  apparatus  which  we  shall  presently  describe,  effeifts, 
without  any  manual  labour,  the  following  operations : — 

1.  The  sorting  the  coal  by  throwing  out  the  larger  pieces. 

2.  Breaking  the  coal  which  is  in  too  large  pieces  to  be 
subjedled  to  the  operation  of  washing. 

3.  Continuous  and  perfeifl  purification  of  the  coal. 

4.  Loading  the  purified  coal  into  waggons. 

5.  Loading  the  refuse  (pyrites  or  schist)  into  waggons  for 
removal. 

The  power  required  for  the  apparatus  is  that  of  from  four 
to  five  horses,  and  the  machine  can  operate  upon  from  80  to 
100  tons  of  coal  in  about  12  hours  if  fitted  up  near  the  col- 
liery. The  expense  of  the  operation  of  purifying  is  stated  to 
consist  solely  in  the  wages  of  the  workmen  who  conduct  the 
labour  of  the  machine. 

The  following  description  of  Figs.  75  and  76  will  render 
the  arrangements  of  M.  Board's  machine  readily  intelli- 
gible ; — 

The  coal  is  carried  from  the  mine  on  a  staging,  for  example, 

'  DiNGE..,  cxxvi.,  II ;  cxvtii.,  365.  Bgwlcfd.,  iv.,  370.  Ann.  d.  Min.,  4  Ut., 
rni;  381.  Laupadiub,  Fortschr.,  p.  36.  B.  o.  b.  Ztg.,  1853,  p.  94.  Methode 
voo  Hkvhier,  B.  u.  b.  Ztg.,  1857,  No.  a8.  Eohlenaufbereitung  im  Loire- 
becken,  B.  n.  b.  Ztg.,  1839,  No.  8.  Hartm.,  FortBclir.  im  met.  Htittengewn 
i.,  iB :  ii.,  134  de  1S5S  et  1859. 

t  Urb's  DlSionsry  of  Arts  and  Mines,  vol.  iii.,  p.  ioi3.  Methode  vod 
Bekabd,  B.  a.  h.  Ztg.,  1837,  No.  13. 
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and  the  train<waggon,  B,  is  unloaded  into  a  hopper,  c,  either 
by  opening  the  bottom,  or  by  tilting  it  (as  in  the  position 
represented  by  the  dotted  lines,  b)  by  means  of  a  lever.  It  falls 

Fio  75- 


aftecwards  either  on  the  table  or  a  movable  grating,  D,  formed 
of  frames  or  of  a  series  of  stages,  of  sloping  perforated  plates, 
which  immediately  sorts  it  into  as  many  sizes  as  there  are 
perforated  plates. 

Fig.  76. 


This  grating  is  suspended  out  of  perpendicular  by  four 
chains  or  iron  rods,  c,  c,  fixed  to  the  framework  of  the 
staging,  A.  It  is  moved  by  means  of  a  cam  motion  (an  ar- 
rangement of  a  cam  and  tongue  mentonnet),  c',  and  falls 
back  by  its  own  weight  against  the  stops,  which  produce 
concussions  or  vibrations  favourable  to  the  clearing  out  of 
the  holes,  and  to  the  descent  of  the  materials.  The  motion 
communicated  to  the  grating  admits  of  a  much  less  inclina- 
tion being  given  to  it  than  would  be  the  case  if  it  were  fixed. 
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The  sorting  is  efiefted  more  quickly  and  perfectly,  besides 
which,  the  differences  of  level,  which  it  is  necessary  to  pre* 
serve,  are  maintained. 

The  larger  pieces  reje^ed  by  the  first  plate  reach  the 
picking  table,  B,  where  a  labourer  picks  out  the  largest 
stones  and  extraneous  substances,  such  as  fragments  of 
castings,  iron,  &c. 

The  fragments  which  have  passed  through  the  upper  plate, 
and  are  retained  by  that  below,  descend  dire(5lly  to  the 
crushers,  f,  f",  situated  below.  Lastly,  the  fine  portions  of 
the  coal  which  have  passed  through  the  second  perforated 
plate  fall  upon  a  solid  bottom,  a',  whence  they  are  thrown 
and  delivered  direct  into  the  pit  by  means  of  a  fixed  shoot,  e. 

The  crushing  cylinders,  F,  f',  are  made  with  a  covering  of 
cast-iron,  mounted  on  an  iron  shaft.  This  covering  can  be 
easily  replaced  when  worn  out.  On  its  surface  it  has  small 
grooves,  which  are  usually  placed  longitudinally,  parallel 
with  the  axis  of  the  cylinder,  in  order  to  avoid  the  slipping 
of  the  substances  operated  on.  But  it  is  also  necessary  to 
crush  fragments  of  slate  which  gain  admission  with  the  coal, 
and  these  consisting  of  thin  flattened  laminas,  it  would  be 
necessary  to  bring  the  crusher  closer  than  would  be  required 
to  reduce  the  coal,  which  is  of  a  more  cubical  form,  to  the 
proper  size. 

In  order  to  obviate  this  difficulty,  another  series  of  grooves 
are  formed  on  the  surfaces  of  the  crusher,  transversely  to 
those  already  described,  the  interseAion  of  the  two  pro- 
ducing projei^ions  in  the  form  of  quadrangular  pyramids 
with  slightly  rounded  tops.  In  coming  between  the  projec- 
tions of  the  crushers,  the  fragments  of  slate,  being  unable  to 
pass,  are  broken  up  without  reducing  the  coal  to  a  smaller 
size  than  is  required. 

When  the  coat  has  undergone  a  preliminary  sifting,  which 
has  removed  all  the  pieces  exceeding  6  or  7  centimetres  in 
size,  one  pair  of  crushers  is  sufficient.  In  that  case,  the 
grating  may  be  dispensed  with  altogether  by  discharging  the 
coal  diredtly  into  the  pit,  and  returning  from  the  sifter  to 
the  washer  the  pieces  of  coal  which  have  not  been  able  to 
pass  beyond  the  first  perforated  plate. 
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The  small  coal  resulting  from  the  washer  or  from  the 
sifter,  by  means  of  the  jigger,  is  delivered  into  a  common 
pit  placed  under  the  washers.  The  pit  is  shaped  like  an 
inverted  quadrangular  pyramid,  the  three  faces  of  which  are 
inclined  to  one  another  at  an  angle  of  45°,  to  facilitate  the 
descent  of  the  substance,  and  the  fourth  is  usually  vertical. 
It  is  on  the  latter  that  an  opening  is  made,  which  is  regulated 
by  a  Hood-gate. 

An  elevator  formed  of  an  endless  chain,  with  buckets, 
raises  the  coal  from  the  bottom  of  the  pit,  and  places  itself 
suf&ciently  high  to  allow  of  the  final  discharge,  which  may 
take  place  into  the  wa§£on. 

The  rate  of  ascent  of  the  buckets,  and  their  capacity,  are 
calculated  so  as  to  raise  160  to  200  tons  of  coal  in  the 
working  hours,  but  this  quantity  may  be  diminished  by 
means  of  the  Hood-gate  in  the  pit. 

The  coal  discharged  by  the  elevator  falls  on  the  sorter, 
which  ought  immediately  to  divide  it  according  to  size,  and 
distribute  it  to  the  ferry-boats. 

The  classifier  is  formed  of  a  kind  of  oblong  redtangular 
chest  made  of  iron  plates,  in  the  inside  of  which  are  placed 
stages  of  perforated  plates,  the  apertures  in  which  decrease 
in  a  downward  diretStion.  Sufficient  space  is  allowed  between 
each  plate  for  the  motion  of  the  materials.  At  the  bottom 
of  the  perforated  plates  inclined  planes  are  disposed,  for 
throwing  on  one  side  the  produdl  of  the  sifting,  which  escapes 
through  a  slope  made  on  the  side  of  the  sifter.  A  bottom 
fixed  to  the  classifier  itself,  and,  like  it,  movable,  receives 
the  dust  in  the  finest  numbers,  if  the  sifting  has  been  efTedted 
in  the  dry  way,  or  else  this  bottom  is  immovable  or  fixed  to 
longerons  which  support  the  classifier,  if  the  sifting  take 
place  in  water,  as  we  are  about  to  point  out. 

The  classifier  is  suspended  by  two  or  three  pairs  of  articu- 
lated handles,  turning  on  axles  fixed  to  longerons ;  by  this 
means  it  enjoys  an  extreme  freedom  of  motion  in  a  longitu- 
dinal dire<5tion.  A  rapid  reciprocating  motion  is  communi- 
cated by  a  "  bielle,"  which  receives  the  adlion  of  a  bent  axle 
firmly  established  on  a  foundation  fixed  on  the  principal 
wall  of  the  chamber  of  the  machine.    The  rotatory  motion  is 
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communicated  to  the  axle  by  the  disposition  of  an  iron 
pinion  d'angle  working  into  a. 

The  bac  is  formed  of  3  re^angular  cast-iron  chest,  l',  one 
part  of  the  bottom  of  which  is  inclined  at  45°,  the  lower 
parts  remaining  horizontal. 

Opposite  one  of  the  lesser  sides  of  the  reiftangle,  a 
cylinder,  o,  is  placed,  opening  into  the  oblong  chest  at  about 
half  its  height.  The  chest,  l',  is  prolonged  under  the 
cylinder,  in  order  to  increase  the  stability  of  the  system,  and 
the  capacity  of  the  drain-well  (puissard). 

A  cast-iron  box,  M,  m',  is  firmly  fixed  in  the  interior  of 
the  bac,  on  flanges  of  cast-iron  with  vertical  faces.  This 
box  has  a  slight  inclination  from  u  towards  u'.  It  is 
covered  with  a  perforated  plate,  usually  of  copper,  fastened 
to  the  frame  by  a  number  of  iron  pins  or  bolts  easy  of  re- 
placement. The  size  of  the  holes  varies  according  to  that 
of  the  matters  brought  into  the  bac. 

A  cast-iron  door,  K,  opening  outward,  is  fixed  slightly 
above  the  frame,  serving  as  a  Itind  of  partition  to  divide  the 
materials  in  the  bac,  and  against  it  a  flood  gate,  n',  is 
placed,  by  means  of  which  the  opening  beneath  the  cast-iron 
door  may  be  closed  at  pleasure. 

,  A  counter  flood-gate,  n',  is  placed  at  the  lower  extremity 
of  the  frame ;  in  raising  it,  a  barrier  is  formed  at  any  height 
that  may  be  desired,  by  means  of  which  the  substances 
between  the  flood-gate  and  counter  flood-gate  may  be 
arrested. 

A  piston,  c,  receives  from  the  machine  a  sufficiently  rapid 
reciprocating  motion. 

When  everything  is  thus  arranged,  supposing  the  bac  to 
be  filled  with  water  to  the  level  of  the  front  face  at  n',  and 
that  the  substances  to  be  washed  fill  the  space  in  the  bac 
between  this  level  and  the  perforated  plate  of  the  frame,  the 
piston  working  upwards  and  downwards  will  press  the  water 
in  the  body  of  the  cylinder,  and  will  force  it,  by  its  incom- 
pressibility,  to  pass  through  the  holes  in  the  perforated  plate  ; 
it  will  establish  above  this  plate  an  ascending  current, 
which,  if  of  sufficient  power,  will  raise  the  substances 
submerged. 
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The  resistance  to  the  rise  of  each  body  will  be  in  propor- 
tion to  its  specific  gravity,  and  the  height  it  will  be  carried 
will  follow  an  inverse  law,  supposing  the  fra^;menfs  to  be  of 
nearly  equal  sizes. 

The  slates  which  fall  over  the  counter  flood-gate  fall  into 
a  pocket  or  reservoir,  n,  whence  they  are  discharged  on 
opening  a  flood-gate,  k'.  Pressed  by  the  upper  column  of 
water,  they  slide,  with  a  slight  admixture  of  water,  on  an 
inclined  plane,  k',  n',  which  can  be  pierced  with  holes  ;  the 
water  escapes,  and  the  slate  only  falls  dire<^ly  into  the 
waggon  of  discharge. 

The  bent  axle  of  transmission,  S,  S,  moves  in  a  groove, 
turning  on  a  pivot  at  its  extremity.  The  rotation  of  the 
axle  communicates  an  oscillating  motion  to  it. 

The  deposit  formed  in  the  drain-well  is  emptied  through 
an  opening  of  the  flood-gate,  placed  at  the  lower  part.  An 
opening,  serving  as  a  man-hole,  is  reserved  for  effeifting 
internal  repairs  without  the  necessity  of  raising  the  frame. 

All  coal  contains  a  portion  of  earthy  matters  or  impurities, 
which,  in  the  form  of  bands  or  scales,  are  generally  in  some 
degree  apparent  to  the  eye,  and  constitute  the  ashes  and 
clinker  left  by  combustion.  The  small  coal  which  is  sent  out 
of  the  mines  necessarily  contains  a  still  larger  proportion, 
frequently  exceeding  10  per  cent,  consisting  chiefly  of  shale 
and  iron  pyrites  derived  from  the  roof  or  floor  of  the  seam  of 
coal,  or  from  the  hands  of  impurities  interstratified  with  it. 
Generally,  these  impurities  are  so  incorporated  with  the 
mass  of  coal,  that  it  must  be  crushed  in  order  sufficiently  to 
detach  them.  The  pyrites  which  contains  nearly  the  whole 
of  the  sulphur  found  in  coal  seams,  are  well  known  to  be 
very  injurious  either  in  a  heating  or  smelting  furnace,  in  the 
roanufadture  or  working  of  iron,  in  gas  making,  in  coking, 
and  other  processes. 

Many  seams  of  coal  already  sunk  to,  or  portions  of  seams 
in  work,  are  left  undei^round  as  unsaleable,  in  consequence 
of  the  impurities  they  contain.  Small  coal  sells  at  a  low 
price,  chiefly  in  consequence  of  its  impurities,  and  the  de- 
fediive  coking  property  which  they  occasion.  It  has  been 
estimated  that  an  amount  not  far  short  of  the  quantity  of 
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coal  sold,  is  sacrificed  in  producing  a  commercial  article  of 
adequatequalityanddescription.  Theenormous  consumption 
of  coal  in  this  country,  amounting  to  nearly  100,000,000  tons 
per  annum,  renders  the  utilisation  of  a  larger  portion  of  the 
more  valuable  seams  now  in  course  of  being  exhausted,  and 
the  bringing  into  the  market  of  other  seams,  objeAs  of 
national  importance. 

The  differences  between  the  specific  gravities  of  coal  and 
its  impurities,  allow  of  their  being  separated  by  the  a£tion 
of  water  when .  sutBciently  crushed.  The  water  process 
hitherto  most  commonly  adopted  is  that  known  as  "  jibing," 
which  consists  in  forcing  the  water  alternately  up  and  down 
through  the  mass  of  coal.  The  downward  current  of  water 
ui  "jigging"  is  prejudicial,  and  entails  a  targe  sacrifice  of 
the  finer  particles  of  the  best  coal,  whilst  the  upward  current 
firom  its  rapidity  and  irregularity,  is  costly  both  in  time  and 
power,  besides  failing  to  effeA  the  more  perieA  separation 
which  is  obtained  by  a  slow,  continuously  ascending  or 
pulsating  current,  regulated  to  the  proportion  of  shale  in 
the  coal,  and  to  the  size  of  the  particles  to  be  aAed  upon. 

Mackworth's  patent  coal  purifier  is  likewise  described  in 
Ure's  "  Dictionary  of  Arts  and  Mines,"  vol.  iii.,  p.  1015. 

In  the  late  Mr.  Herbert  Mackworth's  purifier  (Fig.  77)  the 
water  ascends  with  a  velocity  of  an  inch  or  two  in  a  second. 
It  is  sufficient  to  keep  the  particles  in  constant  agitation, 
and  the  area  of  the  separator  can  be  reduced  to  a  small 
fra<aion  of  its  former  size.  The  coal  is  supplied  into  the 
machine  in  a  uniform  stream,  and  as  it  is  purified  is  raised 
out  of  the  water  on  to  a  perforated  plate,  and  delivered  by 
the  coalsweep  into  a  long  perforated  shoot,  down  which  it 
descends  into  the  tram  or  waggon  placed  to  receive  it.  The 
purified  coal  is  thus  obtained  for  coking  or  other  purposes 
in  a  comparatively  dry  state.  The  shale  which  has,  during 
the  separation,  accumulated  in  the  shale-box,  will  dischaige 
itself  into  another  tram  without  stopping  the  machine,  if  the 
shale  valves  are  first  closed  by  the  valve  lever  before 
throwing  open  the  shale  door.  The  pump,  or  agitator,  is 
capable  of  throwing  from  50  to  200  gallons  of  water  per 
minute,  according  to  the  size  of  the  machine.      The  endless 
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band  raises  or  lowers  the  coal  from  the  hopper,  into  which 
the  coal  trams  are  tipped. 
The  advantages  of  the  machine  may  be  thus  summed  up : — 
t.  The  more  peTfe<5t  separation  of  the  impurities.  If  the 
coal  is  not  sufficiently  crushed,  even  the  fragments  of  it  con- 
taining shale  or  pyrites  can  be  separated,  as  well  as  the 
shale,  by  regulating  the  velocity  of  the  water.  By  increasing 
the  speed  of  the  machine  and  the  velocity  of  the  water,  the 
separation  of  the  impurities  may  be  limited  to  any  extent 
desired. 

2.  The  saving  of  coal.  This  may  be  estimated  at  from 
6d.  to  IS.  6d.  per  too.  The  ordinary  washing  processes 
sacrifice  more  than  20  per  cent  in  weight,  of  which  more 
than  one-half  is  the  best  coal.  In  this  machine  the  water 
does  not  pass  out,  but  is  used  over  and  over  again  in  a  con- 
tinuously circulating  stream.  The  loss  of  coal  does  not 
exceed  z  per  cent,  and  is  generally  under  i  per  cent. 

3.  The  economy  in  the  power  required  to  work  the  ma< 
chine.  One-horse  power  will  suffice  to  work  a  machine  with 
pump  and  elevator  capable  of  purifying  50  tons  of  coal  per 
day. 

4.  The  saving  in  manual  labour. 

5.  The  quantity  of  water  required  is  comparatively  insig- 
niBcant.  A  small  supply  of  water  is  needed  to  replace  that 
absorbed  by  the  wetting  of  the  shale  and  coal. 

6.  The  coal  is  delivered  drier  than  by  any  other  existing 
process. 

7.  The  largest  machine  stands  in  an  area  of  9  feet  square, 
and  motion  can  be  obtained  from  any  existing  engine  by  a 
strap  to  a  pulley  making  forty  revolutions  per  minute,  at  a 
height  of  about  12  feet  above  the  ground.  The  height  given 
to  the  machine  is  for  the  purpose  of  passing  trams  under- 
neath it,  to  receive  the  purified  coal  and  shale  as  they  are 
delivered.  The  machine  requires  no  foundation,  and  is 
easily  movable. 

8.  The  great  economy  of  the  process,  in  every  point  of 
view,  is  important  to — 

The  Coke  Trade. — Many  coals  which  never  coked  before 
will  do  so  when  deprived  of  their  impurities,  and  the  quality 
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of  every  descriptioD  of  coke  may  be  greatly  improved.  In 
coals  above  the  average  in  quality,  it  has  been  found  that 
the  clinker  may,  by  water  purification,  be  reduced  by  four- 
fifths  in  quantity.  The  two  principal  sources  of  clinker — 
the  whitish  scales  of  carbonate  of  time  and  the  iron  pyrites — 
are  removed.  A  coke  more  uniform  in  texture  and  better  in 
appearance  is  produced,  and  different  descriptions  of  coal 
may  be  simultaneously  mixed  and  purified  by  this  machine. 
A  cost  of  3d.  per  ton  on  the  coke  will  remove  those  impuri- 
ties for  which  the  consumer  now  pays  at  the  same  rate  with 
the  coke  itself.  An  increase  in  the  make  and  quality  of  the 
iron  results  from  using  purified  coke  in  blast  furnaces. 

Persons  using  Steam. — The  amount  of  ash  and  clinker 
£rom  the  coal,  by  no  means  represents  the  full  amount  of  loss 
and  waste  occasioned  by  them.  The  coal  is  imperi'edtly 
burnt,  and  the  fire-bars  are  injured.  By  removing  the  im- 
purities, much  of  the  labour  in  attending-  boiler  fires  may  be 
spared,  and  the  steam  kept  up  more  regularly.  In  steamers, 
and  whenever  the  freight  of  coal  is  heavy,  these  advantages 
are  peculiarly  important. 

Gas  Companies. — Gas  may  be  produced  comparatively 
free  from  sulphur,  as  well  as  a  purer  and  more  valuable 
coke.  By  a  small  addition  to  the  cost  of  the  machine,  the 
coal  may  be  delivered  in  a  dry  state. 

Smiths  and  Workers  in  Metal. — A  coal  purer  than  the 
large  coat  is  produced.  Better  work  and  metal,  and  cleaner 
hearths  are  the  result.  Smiths  are  paying,  in  many  instances, 
nearly  double  the  former  prices,  for  coal  which  has  been 
purified.  In  puddling  and  other  furnaces,  the  advantages 
of  pure  coal  have  been  well  ascertained. 

Patent  Fuel  Companies. — In  all  cases  where  freights  are 
heavy,  and  the  manipulations  of  the  fuel  costly,  purity  in 
the  raw  material  is  essential. 

Colliery  Owners. — Coal  and  shale,  in  lieu  of  being  thrown 
into  the  gob,  can  be  brought  out  of  the  mine,  and  separated 
for  from  is.  to  28.  per  ton,  including  haulage,  &c.  Crop 
coal,  old  pillars,  and  creeps  may  be  turned  to  account. 

The  spontaneous  combustion  in  the  wastes  of  some  mines 
may  be  prevented  by  bringing  out  the  whole  of  the  small 
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coal  and  pyrites  at  a  price  which  is  now  remunerative.  New 
coal  seams  may  be  brought  into  the  market,  to  the  benefit 
both  of  the  producer  and  the  consumer. 

In  working  this  machine,  the  coal  tram  is  tipped  into  the 
coal  hopper ;  it  is  thence  conveyed  by  the  elevator  in  a  con- 
tinuous stream  into  the  machine,  and  the  purified  coal  is 

Fig.  77 


delivered  uninterruptedly  into  a  tram,  whilst  the  shale  and 
pyrites  are  delivered  in  a.  continuous  manner  by  the  dredger, 
or  Jacob's  ladder.  The  workman  has  only  to  attend  to  the 
placing  of  these  waggons,  and  to  regulate  the  amount  of 
opening  of  the  valves  which  allow  the  shale  to  descend  into 
the  shale  box  after  it  is  separated. 

By  means  of  the  revolving  hopper  the  coal  passes  gradually 
down  into  the  separator,  where  a  slow  current  of  water  is 
driven  upwards  through  the  mass  of  shale  and  coal,  at  a 
velocity  of  from  4  to  5  feet  per  minute,  by  the  agitator  or 
screw.  This  water  passes  back  again  by  the  finely  perforated 
plate,  and,  with  the  fine  silt  suspended  in  it,  is  again  drivea 
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Upwards  by  the  screw  to  undergo  a  repetition  of  the  process. 
The  gentle  agitation  produced  by  this  current  separates  the 
shale  and  pyrites  from  the  coal  in  the  separator ;  the  two 
latter  descend  through  the  valves  and  are  taken  up  by  the 
dredger,  whilst  the  former  is  pushed  upwards  out  of  the 
water  by  the  curved  arm,  and  as  soon  as  the  water  has 
drained  off,  the  coal  falls  on  to  the  shoot,  which  conducts  it 
to  the  tram.  A  brush  following  the  arm  helps  to  keep  the 
holes  in  the  perforated  plate  open.  The  valves  remain  con- 
stantly more  or  less  open,  according  to  the  indications  given 
by  the  dredger,  and  are  regulated  by  the  valve  lever.  The 
water  required  to  replace  that  absorbed  by  the  dry  coal  and 
shale  enters  by  the  hopper,  and  flows  slightly  inwards 
through  the  shale  valves  as  the  shale  is  coming  out. 
The  objeifts  said  to  be  obtained  by  the  machine  are — 

1.  A  more  perfeft  separation  of  the  impurities  than  by 
ji^ng  or  huddling  processes. 

2.  A  saving  of  from  5  to  15  per  cent  of  coal. 

3.  Economy  of  power  and  manual  labour. 

4.  Savingofwaterandthedeliveiyofthe  coal  in  adrier  state. 
Machines  have  been  established  in  Scotland,  Cumberland, 

Derbyshire,  Gloucestershire,  and  Wales  to  purify  from  zo  to 
xoo  tons  of  coal  per  day,  at  a  cost  not  exceeding  3d.  per  ton, 
and  with  a  loss  not  exceeding  2  per  cent  of  coal. 

Composition,  Heating  Power,  and  Specific  Gravity  of 
Coal. — The  following  table  shows  the  composition,*  heating 
power,!  and  specific  gravity  of  various  kinds  of  coals: — 
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I  Bh 1 1 1  H  i 

«  o     ^         <       "       S 


1^ 

096      14*     iJS"^     *«— 33    So'j— 747  1 

o-oj      ii»      ijo*'      23—31    ji-8— 710  1 

o'Sj      i'i6      UJC      1(1— ^7    Mt>— 6i'6  1 


"35^      *«— 33     ' 
i-«7    4 

I— JI     JO"Q— 71-0     1 

*  Ekpm.,  J.  f.  pr.  Ch.,  vi.,  aoj  ;  xi.,  163  ;  xiii.,^3,  143.  Dihol.,  xL,  128; 
>Iv.r500;  xxl.,  277;  xndx.,  409;  xlv.,  135;  xlvii.,  150;  ex.,  an,  afi3,  287.. 
RaaHAULT,  in  Aon.  d.  min.,  3  R.,  xjj.,  161.  Marbillv,  in  B.  n.  h.  Ztg.,  1858, 
p.  249.    UotertnclMiDg  det  Kohlen  mittelU  des  Lflthrobra,  B.  u.  h.  Ztg.,  1859, 

t  Scukibsr's  Mel.,  i.,  iSg.    Dinol.,  Ixkv.,  4S. 
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The  calorific  values  of  a  variety  of  British  coal,  as  tried 
under  circumstances  considered  to  be  the  most  favourable 
for  the  development  of  heat,  will  be  found  in  the  following 
table  :•— 


ni      rll  Jir  pit 


PractioL  Tbaocetiul.  Thsontiol. 

Qndsols «)'35  "■3"'  ^I'S^i  °'t07  *'93* 

Anthracite  (Jodm  and  Co.)  . .     g-4e  11-554  '4'593  o'^5  °'99» 

Old  Castle  Fieiy  Veio  . .     . .     8'94  io'6oi  i4'g3fi  i'590  ^-175 

Ward's  Fieiy  Vein        ..     ..  9-40            —  »4'6l4  i"238  4'8°8 

Bine»       9-94  11-560  15-093  »'S8<S  674» 

LlaogCDiieck 8'86  ^0-599  14-261)  1-399  5''H4 

Pontrepoth      8-71  10-873  >4'838  oaiB  0848 

Pontrefellin     6-3(1  10*841  13-787  trace  — 

pDwell'i  Dulbyn lo-i4g  il-i34  15-091  1-760  fi'SjS 

Mjmydd  Newydd 9-52  9-831  14904  i"8o8  7-340 

Tbree-quaitet  Rock  Vein     ..     8-84  7-081  T3'io(t  1-399  5'044 

Cwm  Frood  Rock  Vein . .     ..     8-70  S-638  14-788  1-347  S''3i 

Cwm  Nantj  Oroi 8-41  8-143  '3'93'  l-9'9  7-44S 

ResolvcD 9-53  10-134  '3-971  1-675  ^505 

.    Fontypool       7-47  S'144  14-295  J-639  6-364 

Bedwaa 9-79  8-897  ^i'^  *'748  6-7SS 

EbbwVale      lo-ai  10-441  15-635  3-6»  lo-iSi 

Forth  MawT  Rock  Vein        , ,     7-s3  6-647  "-811  1-554  ^'^as 

Coteahill 8-oo  6-468  11799  1*7^  ^'930 

Dalkeith  Jewel  Seam    ..     ..  708  6-339  13-313-  1-214  °'47i 

Dalkeith  Coronation     ..     ..  7-71  6-934  12-771  trace  — 

Wallaend  Elgin     8-46  6-560  13-413  1-713  6-647 

Fordcl  Splint 7-56  6-560  13-817  1-373  5-327 

Gnngcmouib 7-40  7-391  13-693  1-639  6-364 

Broomhill        7-30  7-7H  14-863  1-234  8-674 

Park  End  Lydney 8-51  o'567  '3-157  '-477  9-6"7 

Slievardagh 9-85  10895  13-483  0-179  1-084 

The  foUovring    tablet  shows    the  mean  composition  of 
averse  samples  of  coals  : — 


N«neofC«l. 

» 

1 

1 

1 

i 

1 

i 

South  WaUi:- 

Ebbw  Vale      . .      . 

89-7« 

3-l6 

1-01 

1-50 

S5 

0-S, 

3-50 

1-50 

71-70 

Flymontli  Work.   . 

1-350 

88-49 

4-00 

0-46 

0-84 

3-81 

1-39 

8i-as 

*  Urb's  Didionaiy  of  Arti  and  Mines,  vol.  i 
t  Ibid.,  p.  763. 
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If 


i-3»    79*33    475    138    St>7     ioMh    V4i    S3V> 


If    I 


Neath  Abbey  . .     ,,  1-310  89-04  5-05     1-07     160 

Llynvi      i-a8o  87-18  3-06    0-86    1-33 

LlangeriBocb  ..     ..  t-311  85-46  4-30    1*07    o-ig 

Pontjrpool        ..     ..  i-3»  80-70  j-66     1-35    a'sg 

NtweastU  :— 

WiUington       ....        ~  S6-S1  446     i-oj    O'SS 

Haiwell  WaUiend..  1-186  83-47  6'^    ''43    0*0^ 

Hedler'i  Hartley   ..  1-310  8o-l6  5-38     l-l6     178 

Can' I  Hartley  1-350  79-83  5-11     1-17    o-8a 

N.  Percy  Harney  ..  1-250  80-03  S'o8    0-98    0-78 

BroomhiU        ..      ..  1-130  Bi-70  e-17    1-84    3-85 

Drrbyiiir* : — 

EIncar 1-396  81-93  4-85    i-a7    o'gi 

Park  Gate  i-jli  So-07  4-93    3-15     i-ii 

BntterleyPoitland..  1-301  80-41  4-65     I'-iO    O'SC 

SUveley 1-270  79-85  484 

LanriuhiTt  — 

Ince  Hall  Arlcy       . .  1-373  83-61  5-86 

Balcancs  Arley      ..  1-360  83-54  5-34 

Pemberton  Yard     ..  1-348  8078  6-33 

Rnahy  Park  Mine  . .  1-280  77-76  5-23 

Cannel  Wigan . .     . .  1-230  79-23  6-08 

Balcairea,  5-feet     ..  1-260  74-21  5-03 

Moaa  Hall  New  Mine  1-378  77-50  3-84 

Stotek-.— 

Wallaend  Elgin  I'soo  76'09  5-33 

Dalkrith  Corooation  1-316  76-94  5'3o 

Eglineton 1-350  So'oS  6'50 

Dalkeith  Jewel  Seam  1-377  74'55  5''4 

Grangemoalh  . .  1-290  7g'S5  5'38 

Badllt      i-36g  8848  5-63 

Eiriowe •■375  80-97  4'96 

IbMo«k     i-agi  74-97  4-83 

Latraan T-380  64-53  474 

Three-feet  Seam     . .  1*370  54'3t  5-03 

ElereD.feei  Seam  . .  1-310  7030  5-41 
Van  Dimun't  Land : — 

Tingal       —  $r»i  358 

TaamaD'a  Penmaala       —  65-54  3'3S 

Whale's  Head..     ..       —  65-86  3-1S 

Adventure  Bay       . .       —  80-22  3-05 

Sydnty      —  82-39  5-33 

Formosa 1-340  78-26  5-70 

Vancouvir's  Iiland         —  66-93  5'3* 

Conctf  lien  Bay  1-390  70-53  576 

Trinidad —  65-30  4-13 


—  3'55  6"'4« 

3-53  3-04  71-94 

3-44  6-S4  83-«9 

438  5-33  64-80 

5-aa  I -08  73-19 

8-17  0-30  63-70 

3-40  9-I3  73-31 

7-86  5-ai  60-63 

9-91  3'"»  5718 

4-37  3"07  59» 


0-91  858  3-46  61-60 

i-ii  995  1-80  61-70 

0-86  11-26  1-33  60-90 

0-73  >o-g6  3-40  57-86 


S-87 


09S    i-3« 


J'53  6400 

33a  6289 

7-53      a'34  *>"6o 

8-99      5'6g  5666 

7-24      4-84  60-33 

8-69       9-ai  55-90 

ia-16       3-16  57-70 


1-41  1-51  3-os  1070  58-45 

trace  0-38  14-37  3'>o  SSSO 

135  i'38  8-05  a-44  54-94 

o-io  0-33  13-51  4-37  4980 

1-35  ''43  8-58  353  s66o 

a-oa  1-36  0-86  1-62  55-80 

i-io  1-40  8w>  337  54-30 

0-88  1-45  n-88  5-99  50-80 


>-8o 

'■41 

30-75 

774 

— 

,-98 

1-14 

34-32 

143* 

1-17 

19-19 

3-23 

~ 

-30 

l■^% 

7-80 

39-09 

_ 

91 

lOH 

1-14 

7-30 

21-50 

1-90 

8-67 

0-7U 

3-04 

0-49 

10-95 

396 

aao 

8-70 

.r8i 

'■91 

13-34 

xt 

■33 

ai-69 

— 
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The  ash  of  coal,*  which,  in  quantity,  varies  between 
0*5  and  20  per  cent,  has  the  composition  of  brown  coal  ash, 
and  is  sometimes  rich  in  sulphide  of  iron,t  which  impairs 
the  applicability  of  the  coal.  Most  kinds  of  coal  coataio  as 
much  as  5  per  cent  of  ash,  and  about  the  same  amount  of 
hygroscopic  water. 

Owing  to  an  admixture  of  clay  slate,  some  coal  contains 
a  large  quantity  of  potash. 

The  amount  of  ash,  the  size  of  the  pieces,  and  of  the 
vessels  in  which  the  coal  is  measured,  as  well  as  its  texture 
and  nature,  influence  the  weight  of  a  certain  volume  of  this 
fuel.  The  value  of  the  coal  does  not  entirely  stand  in  pro- 
portion to  its  weight  or  specific  gravity,  as  the  heating  power 
of  coal,  which  constitutes  its  relative  value,  depends  also  on 
other  circumstances.  In  all  cases,  it  is  best  to  buy  coal  by 
weight,  and  not  by  volume,  at  the  same  time  deducting  an 
amount  corresponding  to  the  ash  contained  In  the  coal.t 

Employment  of  Coal. — Coal  is  frequently  employed  in 
metallurgical  operations.!!  Sinter-coal  or  bituminous  small 
coal  is  peculiarly  adapted  to  firings  on  horizontal  grates ; 
anthracite  coal  is  better  burnt  on  step-grates, §  for  which 
bituminous  coal  is  not  adapted.  In  order  to  ensure  perfeA 
combustion,  the  coal  must  not  lie  on  the  grate  in  too  thick 
layers,  the  current  of  air  must  be  sufficiently  strong,  and  the 
Are  must  be  suitably  conduifted  to  prevent  the  produdtion 
of  a  smoky  flame ;  and,  according  to  the  amount  of  ash  con- 
tained in  the  coal,  and  to  its  caking  nature,  a  more  or  less 
frequent  opening  of  the  grate  will  be  required. 

The  effect  of  coal  is  frequently  increased^  by  wetting  it 
with  water,  or  by  admitting  steam.  Coal  rich  in  oxygen 
evolves  water  in  the  form  of  steam,  and  thus  produces  a 
lai^er  but  less  intense  flame  than  coal  poor  in  oxygen. 

The  employment  of  raw  coal  instead  of  coke  in  iron  blast 
furnaces  has  caused  a  great  economy  in  fuel,  although  the 


Pmtthbr'b  RoftpiocMM,  p.  103. 


i  Ibid^No.  99,  1S59. 

iB.  u.  h,  Zta.,  185S,  p.  355. 
Bgwkfd.,  VII.,  139.     DiNOi..,  bcvi.,  316. 
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conduA  of  the  blast  furnace  process  is  rendered  more  diffi- 
cult by  the  caking  of  the  coal  with  the  ore  mixture,  or 
sometimes  when  anthracite  coal  is  employed,  it  decrepitates 
and  falls  into  small  pieces,  thus  obstrui5ting  the  furnace.  In 
England,  Scotland,  and  Wales,  the  anthracitic  coal  {sinter 
and  sand  coal)  poor  in  ash,  is  successfully  employed  with 
the  application  of  hot  blast ;  whilst  in  Prance  and  Belgium 
large  quantities  of  coal,  similar  to  those  occurring  in  England 
and  Scotland,  have  not  been  found. 

Raw  coal  is  also  employed  in  smelting  lead  and  silver 
ores  in  cupola  furnaces ;  anthracite  is  us«l,  at  Tamowitz,* 
for  smelting  copper  ores. 

Attempts  which  have  been  made  to  use  raw  coal  in  admix- 
ture with  charcoal  or  coke,  for  processes  in  cupola  furnaces, 
have  not  always  been  successful.! 

A  too  large  amount  of  ash  lessens  the  value  of  coal  for 
application  in  cupola  as  well  as  in  reverberatory  furnaces. 
If  the  ash  is  refractory,  non-fused  lumps  will  be  formed  in 
cupola  furnaces,  and  crusts  on  the  grate  bars ;  and  if  the 
ash  does  not  fuse  at  all  it  will  be  carried  away  along  with 
the  draught,  and  be  liable  to  render  the  smelting  produA 
impure. 

Small  coal  and  waste  of  other  kinds  of  fuel  are  sometimes 
utilised  by  being  mixed  with  a  suitable  cement  (pitch)  and 
moulded  into  bricks  by  pressure. 

The  following  are  the  produdlions  of  this  artificial  or 
patent  fuel  made  in  this  country  -.X — 

Wylam's  patent  fuel  is  small  coal  and  pitch,  moulded 
together  into  bricks  by  pressure.  The  pitch  is  obtained  by 
the  distillation  of  coal-tar,  from  which  naphtha  and  a 
peculiar  oil  are  separated,  leaving  the  pitch.  This  pitch  is 
finely  ground  and  mixed  with  small  coal ;  in  this  state  it  is 
passed,  by  a  very  ingenious  application  of  the  Archimedian 

■.  Ebdw.,  J.  f.  pr.  Ch.,  XV.,  130, 1193. 

t  Jalirb.  L  d.  iich»,  B.  n.  Hutlenm.,  1831,  p.  135 ;  1S34,  p.  80 ;  1835, 
p.  158;  1837,  p.  55  i  1838,  p.  53.  B.  u.  h,  Ztg.,  1843,  pp.  87,  683,  964. 
Bgwkfil.,  i.,  335  i  ii.,  g,  S93 ;  iii.,  i6g ;  iv.,  175;  vi.,  186;  vii.,  116;  viii.,  54, 
460.    Polyt.  C«ntr.,  1849,  p.  361. 

^  Usb'b  Diftionvy  of  Arts  and  MiDes,  val.  ii.,  408. 
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screw,  through  a  retort,  maintained  at  a  dull  red  heat,  by 
which  it  is  softened  for  being  moulded ;  the  moulding  is 
effected  by  a  kind  of  brick-making  machine,  under  enormous 
pressure. 

Warlich's  patent  fuel  is  similar  in  character,  but  he  adds 
a  little  common  salt  or  alum  to  prevent  the  evolution  of  too 
much  smoke,  and  the  fuel  bricks  are  subjeAed  to  a  tempera- 
ture of  400"  F.,  for  eight  hours,  by  which  the  more  volatile 
constituents  are  driven  off. 

Wood's  fuel  is  prepared  by  mixing  small  coke  or  coal,  in 
a  heated  state,  with  tar  or  pitch,  in  a  common  pug-mill, 
after  which  it  is  moulded  in  the  ordinary  manner. 

Bessemer's  process  consists  merely  in  exposing  coal-dust 
to  a  temperature  of  600°  F.  By  this  means,  the  bituminous 
part  of  the  coal  becomes  softened,  and  the  whole  can  be 
pressed  into  a  firm  block- 
Grant's  patent, — This  fuel  is  composed  of  coal  dust  and 
coal-tar  pitch ;  these  materials  are  mixed  together,  under 
the  influence  of  heat,  in  the  following  proportions  :~-2o  lbs. 
of  pitch  to  1  cwt.  of  coal  dust,  by  appropriate  machinery, 
consisting  of  crushing  rollers  for  breaking  the  coal  in  the 
first  instance,  sufficiently  small  to  pass  through  the  screen, 
the  meshes  of  which  are  not  more  than  a  ^  of  an  inch 
asunder ;  secondly,  of  mixing-pans  or  cylinders,  heated  to 
the  temperature  of  220°,  either  by  steam  or  heated  air;  and 
thirdly,  of  moulding  machines,  by  which  the  fuel  is  com- 
pressed, under  a  pressure,  equal  to  5  tons,  into  the  size  of 
a  common  brick;  the  fuel  bricks  are  then  whitewashed, 
which  prevents  their  sticking  together,  either  in  the  coal 
bunkers  or  in  hot  climates. 

The  advantages  of  these  artificial  fuels  over  coal  may  be 
stated  to  consist,  first,  in  their  efficacy  in  generating  steam  ; 
secondly,  in  occupying  less  space,  that  is  to  say  500  tons 
of  it  may  be  stowed  in  an  area  which  will  contain  only 
400  tons  of  coal ;  thirdly,  they  arc  used  with  much  greater  ease 
by  the  stokers  or  firemen  than  coal,  and  they  create  little  or 
no  dirt  or  dust,  considerations  of  some  importance  when 
the  delicate  machinery  of  a  steam  engine  is  considered ; 
fourthly,  they  produce  a  very  small  proportion  of  clinkers,  and 
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thus  are  far  less  liable  to  choke  and  destroy  the  furnace  bars 
and  boilers  than  coal ;  fifthly,  the  ignition  is  so  complete 
that  comparatively  little  smoke,  and  only  a  small  quantity 
of  ashes,  are  produced  by  them ;  sixthly,  from  the  mixture  of 
the  patent  fuel,  and  the  manner  of  its  manufadture,  it  is 
not  liable  to  enter  into  spontaneous  ignition. 

A  great  many  other  persons  have  either  patented  processes 
for  the  preparation  of  artificial  fuel,  or  published  suggestions. 
They  are  so  nearly  alike,  that  a  few  of  them  only  require 
any  notice. 

Cobbold  ai^itates  peat  in  water  to  separate  the  earthy 
matter,  and  then  allows  the  peat  to  subside,  and  consoli- 
dates it. 

Godwin  makes  bricks  of  mud  or  clay  with  pitch  or  coal. 

Oram  employs  tar,  coals,  of  mud. 

Hill  takes  the  residuary  matter,  after  the  distillation  of 
peat,  and  mixes  it  with  pitch. 

Holland  mixes  lime  or  cement  with  tar  and  small  coals. 

Ransome  cements  small  coal  together  by  a  solution  of 
silicate  of  soda.  ^ 

On  the  Continent,  Dehaynin  and  Hamotr,*  in  Belgium 
and  Paris,  produce  bricks  (Peras,  or  briquettes  de  charbon) 
from  tar  and  small  coal,  and  Popelin  Ducarret  obtains 
artificial  fuel,  termed  Charbons  de  Paris,  or  Charbon  moulu, 
from  coal-dust  and  tar ;  both  kinds  of  bricks  have  come  into 
repute. 

From  the  Admiralty  Coal  Inquiry's  Report  we  obtain  the 
following  analyses  of  several  of  the  more  important  artificial 
fuels : — 

Name  of  Fuel.  Graviw  Carbon,  "ijf""     A"|:      ^l'        Ash. 

of  Fuel.  ^°-       P""'      sen- 

Warlich's   ....  1*15  90*02  5*56  i'6a  —      Z'gi 

Livingstone's  .     .     .  i-i8  85-07  4-13  1-45  2-03    452 

Lyon's i'i3  86-36  4-56  1-29  2-07    4-66 

Bell's 1*14  87"  §8  5"22  071  o"4Z     4*90 

Holland  and  Green's  1-30  70*14  4-65  —  —     i3'73 

Wylam's    ....  i-io  79*91  5-69  1-35  663    4-54 

*  BgwkU.,  zviii.,  60.  B.  n.  h.  Ztg.,  1S5S,  269. 

f  Polyt.  Centr.,  1853,  p.  309.  B.  u.-fa.  Ztg.,  1S58,  p.  aGg. 
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Pradtical  Results. — i.  The  heating  power  of  an  ordinary 
good  coal  is,  on  an  average,  almost  as  large  as  that  of  char- 
coal, and  twice  as  large  as  that  of  dry  wood.  In  smelting 
processes  it  is  generally  adopted  that  the  heating  power  of 
coal  to  that  of  wood  stands  in  the  proportion  of  five  to  one 
when  compared  by  volume,  and  in  the  proportion  of  fifteen 
to  eight  when  compared  by  weight. 

2.  Karsten  states  that  in  reverberatory  furnaces — 

lOO  cubic  feet  of  coal  are  equal  in  effect  to  700  cubic  feet  of 

wood,  and 
100  lbs.  of  coal  are  equal  in  effedl  to  260  pounds  of  wood  ; 
and  in  boiling  processes — 
100  cubic  feet  of  coal  =  400  cubic  feet  of  wood  ~  400  cubic 

feet  of  turf, 
100  lbs.  of  coal  =  250  lbs.  of  wood  =  250  lbs.  of  turf. 

3.  According  to  Rosenthal,  i  cubic  foot  of  coal  is  equal  in 
heating  power  to  7*25  cubic  feet  of  red  beech,  7'i4  cubic  feet 
of  white  beech,  6'30  cubic  feet  of  oak,  7'i7  cubic  feet  of 
birch,  7*40  cubic  feet  of  alder,  from  6  to  7-5  cubic  feet  of  fir, 
8-95  •cubic  feet  of  willow,  11*50  cubic  feet  of  aspen,  and 
13*14  cubic  feet  of  poplar. 

4.  The  Society  for  Promoting  Industry  in  Prussia  experi- 
mented on  forty-eight  kinds  of  Prussian  coal,  and  determined 
that  I  lb.  of  the  most  inferior  kind  converted  6'io  lbs.  of 
water  of  0°  into  steam  of  no — 113°  C,  and  i  lb.  of  the  very 
best  kind  8*93  lbs.  of  water  into  such  steam.  When  taking 
coal  of  the  average  of  all  forty-eight  sorts,  7*33  Jbs.  of  water 
were  evaporated. 

Johnson*  has  experimented,  on  a  lai^  scale,  on  North 
American  coal,  and  Playfair  and;  De  la  Beche  have  de- 
termined the  praiflical  value  of  various  sorts  of  this  fuel ;  on 
comparing  both  their  results  with  those  found  in  Prussia,  it 
will  be  seen  that  they  nearly  correspond,  as,  on  calculating 
Prussian  weights,  the  most  inferior  kind  of  American  coal 
evaporates  5*84  lbs.  of  water,  and  the  most  superior  kind 

*  Berggeist,  1S59,  Nos.  15,  66,  CS,  70, 99.      ZtscliT.  d.  Vet.  dentcher  Ing., 
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8*99  lbs. ;  the  moat  inferior  English  coal  evaporated  5'30  lbs. 
of  water,  and  the  beat  kind  8-57  lbs. 

These  results  are,  according  to  Peters,*  proportionate  with 
those  which  are  obtained  by  calculating  the  heating  power 
from  the  elementary  analysis  of  coal  (page  332). 

5.  According  to  Peters, 

50  kilos,  of  coal  from  Newcastle       yield  90*2  caloric  units. 
50        „  „         Upper  Silesia    „     84'S  ,, 

50        „  „         Westphalia       „      94*8  „ 

6.  12  cubic  feet  (38  Pud)  of  Russian  anthracite  replace 
343  cubic  feet  of  oak  wood.  Anthracite,  on  heating,  decrepi- 
tates more  or  less  according  to  its  manner  of  stratification ; 
it  is  more  inclined  to  decrepitate  if  it  occurs  in  seams  which 
dip  at  sharp  angle,  and  less  so  if  it  be  deposited  in  a  flat 
position. 

7.  Brixt  asserts  that  with  wood,  peat,  and  brown  coal, 
the  heating  power  is  lowered  by  the  large  amount  of  oxygen, 
hygroscopic  water,  and  partly  ash,  to  nearly  half  the  average 
heating  power  of  coal ;  these  three  kinds  of  fuel  can  there- 
fore only  compete  with  coal  if  their  price  is  lower  by  one 
half  than  the  cost  of  that  material.  Charcoal  and  coke 
are  about  equal  in  eSeCt  to  the  average  effect  of  the  various 
coals. 

In  experiments  with  heating  boilers,  it  was  proved  that 
wood  yielded  70  per  cent  of  the  theoretical  heating  power, 
coal  66  per  cent,  good  brown  coal  6z  per  cent,  and  moist 
brown  coal,  as  well  as  anthracitlc  coal,  56  per  cent. 

COKE. 
The  intention  of  the  process  of  coking  coal  is — 

1.  To  concentrate  the  cari>on  which  the  coal  contains,  so 
that  the  coke  may  be  capable  of  producing  a  higher  tem- 
perature. 

2.  To  remove  the  volatile  substances  which,  on  burning, 
chie^  for  domestic  purposes,  have  an  unpleasant  smell. 

*  BeiggeJEt,  1859,  Noa.  S8,  70.     ScUet.  Wochenscbr.,  1859,  No.  13. 
t  BerggeiBt,  1859,  No.  66. 
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3.  To  deprive  the  coal  of  the  property  of  becoming  pasty  at 
a  high  temperature,  in  iron  blast  furnaces,  for  instance,  in 
consequence  of  which  the  blast  cannot  penetrate  sufficiently, 
and  the  process  of  the  furnace  becomes  disordered. 

4.  To  remove  part  of  the  sulphur  which  coal  frequently 
contains  in  the  form  of  sulphide  of  iron. 

The  produiflion  of  good  coke  requires  a  combination  of 
qualities  not  very  frequently  met  with  in  coal,  and  hence 
first  rate  coking  coals  can  be  procured  only  from  certain 
distridls. 

The  applicability  of  the  coal  depends  chiefly  on  the  amount 
and  quality  of  ash*  present.  Coal  which,  on  burning,  leaves 
5  per  cent  of  ash  remaining,  is  still  useful  for  iron  blast  fur- 
naces. Iron  pyrites  is  a  common  obstacle  to  coke  makers, 
as  only  part  of  the  sulphur  is  removed  by  the  process  of 
coking,  and  one  quarter  or  one-half  of  it  always  remains. 
This  remainder  either  wastes  the  grate  bars,  boilers,  &c., 
or  impairs  the  smelting  produ£t.t 

Calvert  and  Chcnot  employ  common  salt  in  the  coking 
process  for  the  removal  of  sulphur,  and  it  has  been  proved 
that  iron  of  excellent  quality  may  be  produced  with  coke 
which  has  been  thus  purified.  Steam  has  been  also  success- 
fully employed  for  the  removal  of  sulphur. 

Bleibtreu  mixes  small  coal  with  at  least  its  equivalent 
weight  of  pounded  limestone,  and  cokes  this  mixture  in  the 
ordinary  way.  When  the  resulting  coke  is  employed  in 
iron  blast  furnaces,  almost  all  the  sulphur  will  combine  with 
the  lime.  Coke,  as  well  as  coal,  containing  iron  pyrites  is 
liable  to  ignite  spontaneously. 

Sulphur  contained  in  coal  in  the  form  of  gypsum,  cannot 
be  removed  by  the  process  of  coking,  but  is  less  injurious  in 
the  smelting  of  iron  than  sulphur  contained  in  iron  pyrites. 

It  has  been  before  described  that  impurities  of  the  coal 
may  be  separated  by  coal  washing  machines  (page  457). 

The  coal  is  coked  either  in  large  or  small  pieces,  and  the 

*  BeKTHiBR's  Analyt.  Met.  Cbem.,  i.,  136.    Ekdm.,  J.  f.  pr.  Ch.,  vii.,  3. 
f  Bgwkfd.,  x.,  531. 
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apparatus  applied  are  either  heaps*  (meiler),  or  mounds,  or 
furnaces  of  variable  con8tru<flion.t 
Fig.  78  represents  a  simple  coking  metUr,  construfted  in 

Fig.  78.  Fig.  79. 


a  circular  form  round  a  central  chimney  of  loose  bricks, 
towards  which  small  horizontal  flues  are  laid  among  the 
lumps  of  coals.  The  sides  and  top  are  covered  with  culm 
or  slack,  and  the  heap  is  kindled  from  certain  openings 
towards  the  circumference. 

Fig.  79t  represents  an  oblong  meiler  sometimes  made  100 
or  150  feet  in  length,  and  from  10  to  12  feet  in  breadth. 
The  seiftion  in  the  middle  of  the  figure  shows  how  the  lumps 
are  piled  up.  The  wooden  stacks  are  lifted  out  when  the  ■ 
heap  is  finished  in  order  to  introduce  kindlings  at  various 
points,  and  the  rest  of  the  meiler  is  then  covered  with  slack 
and  clay  to  proteA  it  from  the  rain.  A  jet  of  smoke  and 
flame  is  seen  issuing  from  its  left  end. 

If  the  coal  is  very  impure,  the  heaps  must  be  narrow,  but 
if  it  is  hard  and  pure,  it  may  be  coked  in  wide  rows.      It  is 

*  ScmBSBR,  MetalL,  i.,  31S.    KitAft,  Chem.  Tecbo.,  i.,  46. 

t  DmoL.,  xzi.,  533 ;  xzv.,  161;  cxix.,  Heft.  4;  czzi.,  gy.  Ana.  d.  min., 
3  ■&.,  XX.,  3  i  4  ttt.,  Kvii.,  i8g.  Polyt.  Centr.,  iSjo,  p.  4SS.  Engl.  OefcD : 
Pretut.  Ztachr.,  til.,  Bd.  69.  Belgiiche  Oefen  :  B.  n.  b.  Ztg.,  1855,  No.  35, 
Franz.  Oefen :  BnlleUo  de  la  Soci£t<  d«  rinduitrie  Miafrale,  i.,  434 ;  ii.,  aS4, 
454.  Appolts,  Oefea :  B.  n.  h.  Ztg.,  1856,  Not.  i7<  45  :  1S59,  Noa.  11,  18, 
34.  Polyt.  Centr.,  1659,  No.  3.  Vercolcing  in  Obertcbletien,  B.  u.  b.  Ztg., 
1857,  No.  13  i  1S5S,  p.  194.  Hastuann,  Aufbareitung  nnd  Vercoking  der 
Steinkohleii ;  Weimar,  I8j8.  Haktuanh,  Portachrittte  dea  Eisenhutten- 
gewerbe*,  i8}3,  p.  33.  Haktwahh,  Fortscbritte  del  met.  HQttengewerbet, 
1839,  p.  163,  Bgwkld.,  iv.,  477 ;  v.,  303  i  sii.,  463 ;  vii.,  3.  Karst.,  Arch., 
I  R.,  1.,  81. 

*  Ure's  DiOionMy  of  Art*  and  Minea,voL  i.,  p.  S49.  Ovbeuahn's  Treatite 
on  Metallnrgj,  p.  378. 
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advisable,  in  all  cases,  to  perform  the  coking  near  the  fur- 
naces ;  even  in  the  furnace  yard,  the  transport  does  not  form 
an  objei5lionable  consideration,  because  the  yield  of  coke  is 
universally  at  least  half  the  weight  of  the  coal,  and  in  most 
instances  more  than  that.  Now,  coke  is  comparatively  more 
friable  than  stone  coal,  and  its  dust  is  vrorthless.  The  loss 
prevented  by  coking  in  the  furnace  yard,  therefore,  is  more 
than  sufficient  to  pay  the  higher  cost  of  transporting  coal  from 
the  mine  to  the  furnace. 

In  a  row,  such  as  is  represented  in  Fig.  79,  the  coarse  coal 
forms  the  skeleton  of  the  heap  inside,  and,  at  distances  of 
8  or  12  feet,  a  kind  of  chimney  is  construfted  with  it.  If 
coal  coarse  enough  for  the  purpose  can  be  obtained,  a  flue 
of  loose  fire-bricks  is  construdted  over  the  vrhole  length  of 
the  floor.  Sometimes  a  longitudinal  channel,  and  also  cross 
channels  are  formed  of  wood,  especially  where  it  is  cheap, 
and  the  chimneys  likewise  are  constructed  of  sticks.  The 
best  plan  generally  is  to  form  air  channels  through  the 
bottom,  and  also  the  flues  or  chimneys,  of  coarse  well-charred 
coke  ;  these  do  not  swell.  They  hold  good  fire,  and  cause 
no  loss,  for  what  is  burnt  in  one  kind  of  coal  is  saved  in  the 
other ;  besides,  this  method  furnishes  the  best  coke.  One  of 
these  long  heaps  of  coal  is  from  3  to  5  feet  high  accordingto 
the  kind  of  coal ;  it  consists  of  coarse  coal  covered  with 
small  coal,  and,  lastly,  with  slack,  or  slack  and  clay.  Fire 
from  wood  or  burning  coke  is  applied  to  the  foot  of  the  pile 
at  such  distances  as  will  secure  its  uniform  distribution,  and 
it  is  also  applied  in  the  immediate  vicinity  of  the  flues  which 
lead  to  the  chimneys,  as  these  are  most  suitable  for  con- 
duifting  it  into  the  interior.  One  end  of  a  pUe  may  be 
kindled,  and  even  bum  out  while  the  other  end  is  building ; 
coke  may  thus  be  formed  in  a  short  time.  The  colHer  must 
endeavour  to  condudt  the  fire  into  the  interior  as  quickly  as 
possible,  and  thus  heat  outwards  from  within ;  in  faCt,  this 
operation  must  be  performed  on  the  same  principle  as  in 
charring  wood.  But,  since  stone  coal  is  less  valuable  than 
wood,  and  as  a  higher  heat  is  required  to  drive  off  impurities, 
and  also  more  fresh  air  and  moisture  to  expel  sulphur,  the 
burning  coal   must  necessarily  be  worked  more  openly,  and 
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under  a  more  brisk  heat,  than  wood.  When  the  fire  is  well 
spread  through  the  interior  of  the  pile,  and  its  progress  is 
safe,  the  sides  of  the  row  are  covered  with  coke  dust,  but 
the  base  and  top  are  kept  free  so  as  to  admit  a  lively  com- 
bustion and  a  strong  heat.  In  fa6t,  if  good  coke  is  to  be 
made,  a  large  quantity  of  air,  and,  if  possible,  damp  air,  must 
pass  through  the  coal  at  this  time.  After  the  lapse  of  about 
twenty-four  hours,  the  heat  is  well  distributed,  and  the 
flames  on  the  comb  of  the  pile  disappear,  and  only  hot  in- 
visible gases  escape.  The  pile  is  now  closely  covered  with 
coke  dust  and  left  to  cool ;  this  requires  another  twenty-four 
hours,  so  that  in  two  days'  time  the  coke  is  burnt  and  ready 
to  be  drawn. 

Coarse  coal  fresh  from  the  mines  is  best  suited  for  this 
mode  of  coking;  and,  indeed,  this  method  cannot  be  employed 
when  the  coal  is  fine,  that  is  to  say,  when  it  consists  mostly 
of  slack,  which  is  too  close,  and  does  not  admit  of  the  pas- 
sage of  sufficient  air  to  form  good  coke.  It  is  often  charred 
by  mixing  it  with  small  wood,  chips,  or  bushes  bound  in 
faggots,  but  this  is  expensive,  and  where  wood  is  scarce, 
cannot  be  resorted  to.  The  coal  is  then  charred  in  large 
heaps  or  pits  like  wood.  Such  a  pit  may  be  from  20  to 
25  feet  in  diameter,  and  from  3  to  8  feet  high,  according  to 
the  quality  of  the  coal. 

The  following  figure*  (80)  represents  a  pit-kiln  or  schacht- 
ofen,  which  is  sometimes  used  in  Germany  for  coking  coal ; — 

a  is  the  lining  made  of  fire-bricks ;  the  enclosing  walls 
are  built  of  the  same  material ;  6,  6  is  a  cast-iron  ring 
covered  with  a  cast-iron  plate,  c.  The  floor  of  the  kiln  is 
massive.  The  coal  is  introduced,  and  the  coke  taken  out, 
through  an  opening  in  the  side,  d ;  during  the  process  it  is 
bricked  up  and  closed  with  an  iron  door.  In  the  surrounding 
walls  are  four  horizontal  rows  of  flues,  e,  e,  e,  e,  which  are 
usually  iron  pipes.  The  lowest  row  ia  upon  a  level  with  the 
floor  of  the  kiln,  and  the  others  are  respe<fUve]y  one  foot  and 
a  half  higher  than  the  preceding.  Near  the  top  of  the  shaft 
there  is  an  iron  pipe,  /,  of  from  8  to  xo  inches  in  diameter, 

*  UKB'a  Didiouuy  of  Aita  aod  Mines,  vol.  i.,  S49. 
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which  allows  the  incombustible  vapours  generated  in  the 
coking  to  escape  into  the  condenser,  which  consists  either 
of  wood  or  brick  chambers.  For  kindling  the  coal,  a  layer  of 
wood  is  first  placed  on  the  bottom  of  the  kiln. 

Fio.  80. 


The  coking  of  small  coal  is  performed  upon  vaulted 
hearths  somewhat  like  bakers'  ovens,  but  with  still  flatter 
roofs.  Of  such  kilns  several  are  placed  alongside  one  another, 
each  being  an  ellipse  deviating  little  from  a  circle,  so  that 
the  mouth  may  projeA  but  a  small  distance.  The  dimensions 
are  such,  that  from  10  to  12  cubic  feet  of  coal  may  be 
spread  in  a  layer,  6  inches  deep,  upon  the  sole  of  the  furnace. 
The  top  of  the  fiat  arch  of  fire-brick  should  be  covered  with 
a  stratum  of  loam  and  sand. 

Figs.  81  and  82  represent  such  a  kiln,  as  it  is  mounted  in 
Zabrze  in  Upper  Silesia,  for  coking  small  coal.  Fig.  81  is 
the  ground  plan ;  Fig.  82  the  vertical  sei5tion  in  the  line 
of  the  long  axis  of  Fig.  81.  a  is  the  sand  bed  of  the  hearth 
under  the  brick  sole ;  b  is  the  roof  of  large  fire-bncks ; 
c,  the  covering  of  loam  ;  d,  the  top  surface  of  sand ;  e,  the 
orifice  in  the  front  wall  for  admission  of  the  coal  and  re- 
moval  of  the  coke  over  the  sloping  stone,  /.  The  fiame  and 
vapours  pass  off  above  the  orifice  through  the  chimney 
marked  g,  or  through  the  aperture,  h,  into  a  lateral  chimney ; 
i  is  a  bar  of  iron  laid  across  the  front  of  the  door  as  a  fulcrum 
to  work  the  iron  rake  upon.    A  layer  of  coals  is  first  kindled 
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upon  the  hearth,  and  when  this  is  in  brisk  ignition,  it  is 
covered  with  the  culm  in  successive  sprinklings.  When  the 
coal  is  sufficiently  coked,  it  is  raked  out  and  quenched  with 
water. 

Fig.  8r, 


An  excellent  range  of  furnaces  for  making  a  superior  article 
of  coke,  for  the  service  of  the  locomotive  engines  of  the 


Fig.  83. 


London  and  North-Western  Railway  Company,  has  been 
ereiSed  at  the  Camden  Town  station,  consisting  of  eighteen 
VOL.  III.  2    1 
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oyens  in  two  lines,  the  whole  discharging  their  products  of 
combustion  into  a  horizontal  flue,  which  terminates  in  a 
chimney  stalk  115  feet  high.  Fig.  S3  is  a  ground  plan  of 
the  elliptical  ovens,  each  being  12  feet  by  it  internally,  and 
having  3  feet  thickness  of  walls,  a,  a  is  the  mouth,  3i^  feet 
wide  outside,  and  about  zf  feet  within ;  6,  6  are  the  entrances 
into  the  flue.  They  may  be  shut  more  or  less  completely 
by  horizontal  slabs  of  fire-bricks  resting  on  iron  frames, 
pushed  in  from  behind  to  modify  the  draught  of  air.  The 
grooves  of  these  damper-slabs  admit  of  a  small  stream  of 
air,  to  complete  the  combustion  of  the  particles  of  soot 
driven  off ;  by  this  means  the  smoke  is  welt  consumed.  The 
flue,  c,  c,  is  2^  feet  high  by  si  inches  wide.  The  chimney,  tf, 
at  the  level  of  the  flue,  is  11  feet  in  diameter  inside,  and  17 
outside,    e,  e  are  the  keys  of  the  iron  hoops  which  bind  the 


brickwork  of  the  oven.  Fig.  84  is  a  vertical  seiftion  in  the 
line,  A,  B,  of  Fig.  83,  showing  at  b,  b  and  e,  e  the  entrances 
of  the  different  ovens  into  the  horizontal  flue,  the  diredtion 
of  the  draught  being  indicated  by  the  arrows.    /,/  is  a  bed 
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of  concrete,  upon  which  the  whole  furnace  range  is  built,  the 
level  of  the  ground  being  in  the  middle  of  that  bed.  g"  is  a 
stanchion  on  which  the  crane  is  mounted ;  A  is  a  section  of 
the  chimney  wall,  with  part  of  the  interior  to'the  left  of  the 
strong  line.     Fig.  85  is  a  front  elevation  of  two  of  these  coke 

Fig.  85. 
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ovens,  in  which  the  bracing  hoops,  (,  i,  are  shown  ;  h,  k  are 
the  cast-iron  doors,  strengthened  outside  with  diagonal  ridges, 
each  door  being  sJ-  feet  high  by  4  feet  wide,  and  lined  inter- 
nally with  fire-bricks.  They  are  raised  and  lowered  by 
means  of  chains  and  counter  weights  moved  by  the  crane,  /. 
Each  alternate  oven  is  charged,  between  eight  and  ten 
o'clock  every  morning,  with  3^  tons  of  good  coals.  A  wisp 
of  straw  is  thrown  in  on  the  top  of  the  heap,  which  takes  fire 
by  the  radiation  from  the  dome  (which  is  in  a  state  of  dull 
ignition  from  the  preceding  operation),  and  inflames  the 
smoke  then  rising  from  the  surface,  by  the  rea<5lion  of  the  hot 
sides  and  bottom  upon  the  body  of  the  fuel.  In  this  way 
the  smoke  is  consumed  at  the  very  commencement  of  the 
process,  when  it  would  otherwise  be  most  abundant.  The 
coking  process  is  in  no  respedt  a  species  of  distillation,  bat 
a  complete  combustion  of  the  volatile  principles  of  the  coal. 
The  mass  of  coal  is  first  kindled  on  the  surface,  where  it  is 
supplied  with  abundance  of  atmospheric  oxygen,  because  the 
doors  of  the  ovens  in  front,  and  the  throat-vents  behind,  are 
then  left  open.  The  consequence  is  that  no  more  smoke  is 
discharged  from  the  top  of  the  chimney,  at  this,  the  most 
2  I  2 
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sooty  period  of  the  process,  than  is  produced  by  an  ordinary 
kitchen  fire.  Under  these  circumstances,  the  coal  gas,  or 
other  gas,  supposed  to  be  generated  in  the  slightly  heated 
mass  beneath^  cannot  escape  combustion  in  passing  up 
through  the  bright  open  flame  of  the  oven.  As  the  coking 
of  the.coal  advances  most  slowly  and  regularly  from  the  top 
of  the  heap  to  the  bottom,  only  one  layer  is  effefled  at  a 
time,  and  in  succession  downwards,  while  the  surface  is 
always  covered  with  a  stratum  of  red-hot  cinders,  ready  to 
consume  every  particleofcarburetted  or  sulphuretted  hydro- 
gen gas,  which  may  escape  from  below.  The  greatest  mass, 
when  calcined  in  this  downward  order,  cannot  emit  into  the 
atmosphere  any  more  of  the  above-mentioned  gases  than  the 
smallest  heap. 

The  coke  being  perfe<5tly  freed  from  all  fuliginous  and 
volatile  matters,  by  a  calcination  of  upwards  of  forty  hours, 
is  cooled  down  to  moderate  ignition  by  sliding  in  the 
dampers,  and  sliding  up  the  doors,  which  had  been  partially 
closed  during  the  latter  part  of  the  process.  It  is  now  ob- 
served to  form  prismatic  concretions,  somewhat  like  a 
columnar  mass  of  basalt.  These  are  loosened  by  iron  bars, 
lifted  out  upon  shovels  furnished  with  long  iron  shanks, 
which  are  poised  upon  swing  chains  with  hooked  ends,  and 
the  lumps  are  thrown  upon  the  pavement,  to  be  extinguished 
by  sprinkling  water  upon  them  from  the  rose  of  a  watering 
can  ;  or  they  might  be  transferred  into  a  lai^e  chest  of 
sheet-iron,  set  on  wheels,  and  then  covered  up.  Good  coals, 
thus  treated,  yield  80  per  cent  of  an  excellent  compadl 
glistening  coke,  weighing  about  14  cwta.  per  chaldron. 

The  loss  of  weight  in  coking  in  the  ordinary  ovens,  is 
usually  reckoned  at  25  per  cent ;  and  coal,  which  thus  loses 
a  quarter  in  weight,  gains  a  quarter  in  bulk. 

TLabourers  who  have  been  long  employed  at  rightly  con- 
strufiled  coke  ovens  seem  to  enjoy  remarkably  good  health. 

Mr.  Ebenezer  Rogers,  of  Abercam,  in  Monmouthshire, 
has  lately  introduced  a  new  method  of  coking,  which  he 
thus  describes :" — 

*  Urr's  Didionaryof  Artaand  Miaes,  vol.  i.,  p.  851, 


,;  Google 


COKING   IN    KILNS.  485 

"  A  short  time  ago,  a  plan  was  mentioned  to  the  writer 
as  having  been  used  in  Westphalia,  by  which  wood  was 
charred  in  small  kilns ;  as  the  form  of  kiln  described  was 
quite  new  to  him,  it  led  him  to  some  refledlion  as  to  the 
principles  on  which  it  adted,  which  were  found  so  simple  and 
effeflive,  that  he  determined  to  apply  them  on  a  large  scale 
for  coking  coal.  The  result  has  been  that  in  the  course  of 
a  few  months  the  original  idea  has  been  so  satisfaflonly 
matured  and  developed,  that  instead  of  coking  6  tons  of  coal 
in  an  oven  costing  jTSo,  150  tons  of  coal  are  now  being  coked 
at  once,  in  a  kiln  costing  less  than  the  former  single  oven. 

Figs.  86  and  87. 

i^: ::,.^sii!|||||!i|i||||fy||!i||!!i 


Fig.  88. 

"  Figs.  86  and  87  are  a  side  elevation  and  plan  of  one  of 
the  new  coking  kilns  on  a  small  scale ;  Fig.  88  is  an  enlarged 
transverse  seiSlion. 

"D,  D,  are  the  side  walls  of  the  kiln,  which  are  provided 


,;  Google 


486  FUEL. 

with  horizontal  flues,  e,  f,  which  open  into  the  side  or 
bottom  of  the  mass  of  coal.  Conneifted  with  each  of  these 
flues  are  the  vertical  chimneys,  g,  h.  The  dotted  lines,  i,  i, 
Pig.  87,  represent  a  movable  railway,  by  which  the  coal  may 
be  brought  into  the  kiln,  and  the  coke  removed  from  it.  In 
filling  the  kiln  with  coal,  care  is  taken  to  preserve  transverse 
pass^es  or  flues  for  the  air  and  gases  between  the  corres- 
ponding flues,  E,  F,  in  the  opposite  walls.  This  is  effected 
by  building  or  constru(5ting  the  passages  at  the  time  with 
the  larger  pieces  of  coal,  or  else  by  means  of  channels  or 
flues  permanently  formed  in  the  bed  of  the  kiln.  When 
the  coal  is  of  different  sizes,  it  is  also  advantageous  to  let  the 
size  of  the  pieces  diminish  towards  the  top  of  the  mass.  The 
surface  of  the  coal  when  filled  in,  is  covered  with  small  coal, 
ashes,  and  other  suitable  material. 

"  When  the  kiln  is  filled,  the  openings,  k,  at  the  ends,  are 
built  up  with  bricks,  as  shown  dotted  ;  the  kiln  is  not  covered 
by  an  arch,  but  left  entirely  open  at  the  top.  The  apertures 
of  the  flues,  P,  and  the  chimneys,  g,  are  then  closed,  as 
shown  in  Fig.  88,  juid  the  coal  is  ignited  through  the  flues,  E  ; 
the  air  then  enters  the  flues,  e,  and  passes  through  the  coal, 
and  then  ascends  the  chimneys,  H,  as  shown  by  the  arrows. 
When  the  current  of  air  has  proceeded  in  this  direiftion  for 
some  hours,  the  flues,  e,  and  chimneys,  h,  are  closed,  and 
F  and  G  are  opened,  which  reverses  the  diretftion  of  the 
current  of  air  through  the  mass.  This  alternation  of  the 
current  is  repeated  as  often  as  may  be  required.  At  the 
same  time,  air  descends  through  the  upper  surface  of  the 
mass  of  coal.  When  the  mass  is  well  ignited,  which  takes 
place  in  from  24  to  36  hours,  the  external  apertures  of  the 
flues,  E  and  F,  are  closed,  and  the  chimneys,  G  and  H  opened  ; 
the  air  now  enters  through  the  upper  surface  of  the  coal 
only,  and  descends  through  the  mass  of  the  coal,  the  pro* 
duAs  of  combustion  passing  up  the  chimneys. 

"  The  coking  gradually  ascends  from  the  bottom  of  the 
mass  to  the  top,  and  can  be  easily  regulated  or  etjualised  by 
opening  or  closing,  wholly  or  partially,  the  apertures  of  the 
flues  or  chimneys.  The  top  surface  of  the  coal  being  kept 
cool  by  the  descending  current  of  air,  the  workman  is  enabled 
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to  walk  over  it  during  the  operation.  He  inserts,  from  time 
to  time,  at  different  parts  of  the  surface  an  iron  bar,  which 
is  easily  pushed  down  until  it  reaches  the  mass  of  coke,  by 
which  its  further  descent  is  prevented.  In  this  way  the 
workman  gauges  the  depth  at  which  the  coking  process  is 
taking  place,  and  if  he  finds  it  to  have  progressed  higher  at 
one  part  than  at  another,  he  closes  the  chimneys  communi- 
cating with  that  part,  and  thus  retards  the  process  there. 
This  gauging  of  the  surface  is  carried  on  without  difficulty 
until  the  coking  process  has  arrived  close  to  the  top.  The 
gases  and  tarry  vapours  produced  by  the  distillation  or  com- 
bustion, descend  through  the  interstices  of  the  incandescent 
mass  below,  and  there  deposit  a  portion  of  the  carbon  con- 
tained in  them,  the  residual  gases  passing  up  the  chimneys. 
The  coke  of  the  lower  part  of  the  kiln  is  effeftually  protedted 
from  the  a(5tion  of  the  air  by  being  surrounded  and  enveloped 
in  the  gases  and  vapours  which  descend  through  it,  eind  are 
non-supporters  of  combustion. 

"  When  the  mass  of  coal  has  been  coked  up  to  the  top, 
which  takes  place  in  about  seven  days,  it  is  quenched  with 
water,  the  walls  closing  the  end  openings,  k,  are  taken  down, 
and  the  coke  is  taken  away.  When  a  portion  has  been  re- 
moved, a  movable  railway  is  laid  in  the  kiln,  so  as  to  facili- 
tate the  removal  of  the  remainder  of  the  coke. 

"  The  flues,  e  and  p,  may  enter  at  the  bottom  of  the  kiln, 
or  at  the  sides  above  the  bottom,  as  in  Fig.  88.  In  the  latter 
case,  the  space  below,  up  to  the  level  of  the  bottom  of  the 
flues,  may  be  filled  with  small  coal,  which  becomes  coked  by 
the  radiated  heat  from  the  incandescent  mass  above.  The 
transverse  passages  through  the  mass  are  then  constnidted 
upon  this  bed  of  small  coal  with  the  larger  lumps,  as  before 
mentioned.  The  flues  and  chimneys  need  not  necessarily 
be  horizontal  and  vertical,  and,  instead  of  conneAing  a 
separate  chimney  with  each  transverse  flue,  flues  may  be 
construtfted  longitudinally  in  the  walls  of  the  kiln,  so  as  to 
connect  two  or  more  of  the  transverse  flues,  which  are  then 
regulated  by  dampers  convejnng  the  gaseous  products  from 
them  into  chimneys  of  any  convenient  height ;  the  arrange- 
ment first  described,  however,  and  shown  in  the  drawings, 
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is  preferred.  The  gaseous  produdts  may  be  colleifted,  and 
tar,  ammonia,  and  other  chemical  compounds  manufactured 
from  them  by  the  usual  modes.  The  coking  or  charring  of 
peat  and  wood  may  be  effefted  in  a  similar  manner  to  that 
already  described  with  regard  to  coal. 

"  The  new  kilns  have  proved  entirely  successful ;  they  are 
already  in  use  in  some  of  the  largest  iron  works  in  the  king- 
dom, and  are  being  ere^ed  at  a  number  of  other  works. 
The  great  saving  in  first  cost  of  oven,  economy  in  working 
and  maintenance,  increased  yield,  and  improved  quality  of 
coke,  will  probably  soon  cause  this  mode  of  coking  to  be 
more  generally  introduced.  The  kilns  are  most  advanta- 
geously made  about  14  feet  in  width,  90  feet  in  length,  and 
7  feet  6  inches  in  height ;  this  si^e  of  kiln  contains  about 
150  tons  of  coal." 

From  the  long  experience  of  this  gentleman,  we  are  induced 
to  quote  yet  furthur  from  his  memoir : — 

"  The  process. of  coking  converts  the  coal  into  a  porous 
mass,  but  this  is  done  during  the  melting  of  the  coal,  -at 
which  moment  the  gases,  in  liberating  themselves,  form  very 
minute  bubbles  ;  but  the  praftical  result  is  the  same  as  in 
wood  coal,  allowing  a  large  suriace  of  carbon  in  a  small 
space  to  be  adted  upon  by  the  blast.  As  a  general  rule,  coke 
made  rapidly  has  lai^er  pores,  and  is  lighter  than  coke  made 
slowly,  it  accordingly  bears  less  blast,  and  crumbles  too 
easily  in  the  furnace. 

"  The  process  of  coking  in  the  ordinary  ovens  may  be  thus 
explained :— When  the  oven  is  filled  with  a  proper  charge, 
the  coal  is  fired  at  the  surface  by  the  radiated  heat  from  the 
roof,  enough  air  is  admitted  to  consume  the  gases  given  off 
by  the  coal,  and  thus  a  high  temperature  is  maintained  in 
the  roof  of  the  oven.  The  coal  is  by  this  means  melted,  and 
those  portions  of  it  which,  under  the  influence  of  a  high 
temperature,  can  of  themselves  form  gaseous  compounds, 
are  now  given  off,  forming  at  the  moment  of  their  liberation 
small  bubbles  or  cells.  The  coke  now  left  is  quite  safe  from 
waste,  unless  a  furthur  supply  of  air  is  allowed  to  have  access 
to  it.  At  this  stage  of  the  process  the  coke  assumes  a  pen- 
tagonal shape  and  columnar  structure.    When  the  coke  is 
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left  exposed  to  heat  for  some  time  after  it  is  formed,  it  be- 
comes harder  and  works  better,  from  being  less  liable  to 
crush  in  the  furnace  and  decrepitate  on  exposure  to  the  blast. 
It  has  been  often  remarked  as  a  strange  faft,  that  the  hotter 
the  oven  the  better  the  yield  of  coke  ;  hence  all  the  arrange- 
ments of  flues  to  keep  up  the  temperature  of  the  ovens.  This 
faCl  is,  however,  the  result  of  laws  well  known  to  chemists. 
When  the  coal  is  melted  as  above  mentioned,  the  hydrogen 
in  the  coal  takes  up  two  atoms  of  carbon  for  each  two  atoms 
of  hydrogen,  forming  bicarburetted  hydrogen  gas  (C,H,) ; 
this  at  once  escapes,  but  it  has  to  pass  upwards  through  the. 
red-hot  coke  above,  which  is  at  a  higher  temperature  than 
the  melted  coal  below.  Now  when  bicarburetted  hydrogen 
gas  is  exposed  to  a  bright  red  heat,  it  is  decomposed,  forming 
carburetted  hydrogen  gas  (CH,),  and  depositing  one  atom,  or 
one-half  of  its  carbon,  in  a  solid  form.  Consequently,  in  the 
process  of  coking,  if  the  oven  is  in  good  working  order  and 
the  coke  hot  enough,  the  liberated  carbon  is  detained  in  its 
passage  upwards,  and  either  absorbed  by  the  coke,  or  ciys- 
taltised  per  se  upon  it.  This  is  simply  illustrated  by  passing 
ordinary  illuminating  gas  through  a  tube  heated  to  a  bright 
red  heat.  The  tube  will  soon  become  coated  internally,  and 
ultimately  filled  with  a  carbonaceous  deposit,  produced  by 
the  decomposition  ofthe  bicarburetted  hydrogen  contained  in 
the  gas.  It  is  found  that  some  coal  which  is  too  dry,  or  not 
sufficiently  bituminous  to  coke  when  put  into  the  oven  by 
itself  in  lumps,  will  coke  perfe(5tly  if  crushed  small  and  well 
wetted  with  water,  and  charged  in  this  state.  This  faift,  if 
CoUowed  out,  would  lead  to  an  examination  of  the  chemica^ 
nature  of  the  effe<ft  produced  by  the  water,  and  would  point 
the  way  to  further  improvements." 

The  "  charred  coal,"  which  has  been  largely  employed  in 
lieu  of  charcoal  in  the  manufa^ure  of  tin  plates,  is  a  species 
of  coke.  This  preparation  was  first  made  by  Mr.  Ebenezer 
Rogers,  who  thus  describes  its  manufadture : — 

"  The  preparation  of  the  '  charred  coai '  is  very  snnple. 
The  coal  is  first  reduced  to  small,  and  washed  by  any  of  the 
ordinary  means.  It  is  then  spread  over  the  bottom  of  a 
reverberatoiy  furnace  to  a  depth  of  about  4  inches;  the 
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bottom  of  the  furnace  is  first  raised  to  a  red  heat.  When 
the  small  coal  is  thrown  over  the  bottom,  a  great  volume  of 
gases  is  given  off,  and  much  ebullition  takes  place.  This 
ends  in  the  produftion  of  a  light  spongy  mass,  which  is  turned 
over  in  the  furnace,  and  drawn  in  about  an  hour  and  a  half. 
To  completely  clear  off  the  sulphur,  water  is  now  freely 
sprinkled  over  the  mass,  until  all  smell  of  the  sulphuretted 
hydrogen  gas  produced  ceases  ;  the  result  is  '  charred  coal.' 
The  quantities  of  charred  coal  hitherto  produced  have  been 
made  on  the  floor  of  an  ordinary  coke  oven  whilst  red-hot, 
after  drawing  the  chaise  of  coke.  The  following  analysis  of 
the  coal  from  which  the  '  charred  coal '  is  made,  is  extraifled 
from  the  report  on  the  coals  suited  to  the  steam  navy,  by 
Sir  H.  de  la  Beche  and  Dr.  Playfair  :— 

Abercam  Coal. 

Carbon 8i'z6 

Hydrogen 6"3i 

Nitrogen 0*77 

Oxygen 9*96 

Sulphur 1-86 

Ash 2'04 

Yield  of  Coke. — According  to  Karsten, 

PerCeDlofAsb.        Per  Cent  of  Coke. 
Sand  coal,  containing  from  i*6o — 29*0  yields  59 — 70 
Sinter  coal         „  „       0'6o — 23'o       „      58 — 78 

Caking  coal      ,,  ,,      0*15 — 277      ,,      51 — 86 

Anthracite         „  ,,       0"6o — 20'0       „      72 — 96 

Ovens  yield  from  8  to  10  per  cent  of  coke  less  than  heaps 
when  calculating  by  volume,  and  the  yield  in  both  apparatus 
is  nearly  even  when  the  weights  are  compared.  Coke  pro- 
duced in  ovens  is  more  compadt  and  harder  than  that  re- 
sulting in  heaps.  When  bituminous  caking  coal  is  coked  in 
heaps  the  yield  by  volume  may  amount  to  from  no  to  120 
per  cent.  Sinter  coal  modifies  its  volume  but  little,  while 
sand  coal  sometimes  loses  10  per  cent  in  coking.  The  coke 
that  results  in  heaps  usually  contains  less  sulphur  than  that 
produced  In  ovens ;  hues  on  the  surface  of  the  coke  indicate 
the  presence  of  a  certain  amount  of  sulphur. 

Coke  has  generally  an  iron  grey  colour,  a  more  or  less 
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porous  appearance,  and  a  silky  or  metallic  lustre.  On  being 
touched,  it  does  not  soil  the  fingers.  The  coke  produced 
from  bituminous  caking  coal  especially,  has  a  metallic  lustre, 
a  fused  appearance,  and  a  blebby  strudlure. 

For  the  purpose  of  combustion,  coke  requires  a  strong  red 
heat,  and  a  lively  draught. 

Ebelmen,*  Playfair,  and  Bunsent  have  investigated  thfc 
chemical  reactions  which  take  place  in  the  process  of  coking. 

Composition  of  Coke. — Coke  contains  on  an  average — 

Carbon 85 — 92  per  cent 

Ash 3—5 

Hygroscopic  water  .     .       5 — 10         ,, 

The-  amount  of  ash  in  coke  varies,  however,  between 
I  and  30  per  cent,  and  coke  containing  upwards  of  12  per 
cent  belongs  to  the  more  inferior  kinds.  The  amount  of 
hygroscopic  water  in  coke  sometimes  increases  to  20  per 
cent. 

Employment  of  Coke. — Coke  may  be  employed  in  all 
kinds  of  firing  which  do  not  require  a  large  fiame,  but  it  is 
most  effeAive  in  those  instances  in  which  great  heat  is  re- 
quired in  a  smalt  space,  as,  for  instance,  in  crucible  meltings, 
in  smelting  of  iron  ores  in  blast  furnaces,  in  re-melting  of 
pig-iron  in  cupola  furnaces,  in  the  finery  process,  in  the 
smelting  of  copper,  lead,  and  silver  ores,  &c,l 

Soft  caked  coke  is  usually  employed  only  in  the  lower 
kinds  of  blast  furnaces,  ||  as  it  does  not  offer  sufQcient  resist- 
ance to  the  pressure  which  is  exerted  in  higher  furnaces  by 
the  column  of  ore. 

When  a  sufficient  quantity  of  air  is  admitted,  coke  pro- 
duces a  far  greater  heat  than  charcoal  (page  337).  As  it 
remains  longer  in  the  furnace  than  charcoal,  before  being 
ignited,  it  undergoes  a  better  preparatory  heating  before 

■  B.  D.  h.  Ztg.,  1851,  No.  ag. 

f  Ibid.,  1848,  p.  5. 

j  BgwkH.,  i.,  iSs  ;  ii..  47*.  473.  561.  57"  !  "'■.  "53.  4'7  ;  "..  445  ;  viii.,  saj- 
Karst.,  Aicb.,  xii.,  531.  Kehl,  Oberhaner  Hiittenprocesse,  i860,  p.  248. 
Jahrh.  f.  d.  aachi.  Berg-u.  Hiittenmann,  i8«8,  pp.  136. 151 ;  1831,  p.  143 ;  1840. 
pp.  S3,  88.  Anwcndung  von  Gascoke  beim  Eisenbohoreabetrieb,  B.  n.  h. 
Ztg.,  i860,  pp.  aii,  415. 

H  DiNQL.,  Mxi.,  97.     Bgwkfd.,  v.,  366.    Ehdm.,  J.  r.  pr.  Ch.,  vi.,  207. 
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ignition,  and  by  this  means  its  efFeft  is  increased.  Coke  is 
also  more  effe^ive  than  charcoal  from  the  fafl  that  it  forms 
fewer  interstices,  which  interstices  diminish  the  quantity  ol 
carbon  burnt  in  a  certain  space  and  time,  and  thus  occasion 
a  decrease  of  temperature. 

Heating  Power  of  Coke. — The  following  table  shows  the 
heating  power  of  different  kinds  of  coke,  and  the  specific 
gravity  of  the  porous  mass  filled  with  atmospheric  air : —    ■ 


KindiDrCakc. 

Per  C«t  of    P«  Ctnt  of 
Hj'gTOKopk  Wfttcr-    Alb. 

Good  coke  containing  lo  5        0*84    —    2350°    — 

Best    „  „  5  3        o'92    —    2400'    — 

„       „        without  3        0-97    —    3450°    — 

Sand  coke  „  5  —    0'46    —      0*48 

Sinter  coke        „  5  ~    o'4^    —      o'43 

Caked  coke        „  5  —    0-33    —      0*35 

According  to  Berthier,  French  coke  reduces  from  22*2  to 
28'5  parts  of  lead,  and  heats  from  50-3  to  65'6  parts  of  water 
of  0°  up  to  100°  C. 

Pratftical  Results. — ^Amongst  others,  the  following  prac- 
tical results  concerning  the  effedt  of  coke,  are  obtained  : — 

1.  Karsten  states  that,  in  blast  furnaces  carried  on  with 
hot  blast, 

100  paiti  in  volume  of  coke  are  eqaal  to  350  pant  of  charcoal, 
100  lbs.  „  „  80  lbs. 

Including  the  interstices,  the  weight  of  t  Cubic  foot  (ProBBian) — 
of  caked  coke  produced  io  oveni      »  11 — 25  lbs.  (Prauian) 
„       „  „  heaps     —  35—38       „ 

Sinter  coke        „  „  ■=      33  „ 

Sand  coke        „  „         -r     35  „ 

tarovenB  =      38 

2.  The  following  results  were  obtained  in  the  smelting 
works  of  the  Lower  Hartz  ; — 

100  cubic  feet  of  charcoal  =  45  ctibic  feet  of  caked  coke  (Obernklrcheo) 

3         „  goB  coke  =    3t       „  „  „ 

60  „  wood  =    71        „  „  ,. 

fio  bundles  of  brush  wood  <=  aaj        „  „  „ 

10  cubic  feet  of  pine  nuts  —     il         „  „  „ 

10         ,.    pine  wood  in  billets  —  54  lbs.  of  gat  coke 
10         „  „  (toots)    -73        „ 

10         „  „        (branches)  >•  55        „         „ 

10         „charcaalofbeech woods  gG        „         „ 

(The  weights  and  measuremeott  are  Hanoverian). 

3.  The  Society  for  Promoting  Industry  in  Prussia  has 
determined  that  i  lb.  of  coke,  which  had  been  imperfeiftly 
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charred  in  heaps,  containing  from  5  to  6  per  cent  of  water, 
and  from  2'4  to  43  per  cent  of  ash,  converted  from  ^15  to 
7-58  Ibs.of  water  of  0°  into  steam  of  no — 115°  C.  i  ton  (Prus- 
sian) =7)  cubic  feet  (Prussian)  of  this  coke,  weighs  251  lbs. 
4.  According  to  Fife,*  mineral  coal  of  Tameut  evaporates 
5-66  times  its  own  weight  of  water,  and  coke,  produced  from 
that  coal,  7"4  times  its  own  weight  of  water. 

II.    GASEOUS   FUEL. 

The  first  attempts  to  employ  combustible  gases,  and  gas 
mixtures,  instead  of  compact  fuel,  in  technical  operations, 
were  made  at  the  commencement  of  the  present  century ; 
but  it  is  only  lately  that  the  employment  of  gaseous  fuel  has 
been  pradlically  successful.  We  may  say  that  every  firing  with 
raw  fuel  is  a  kind  of  gas  firing,  as  the  flame  is  produced  by 
combustible  gases ;  gas  firing  proper,  is,  however,  under- 
stood to  be  that  kind  in  which  gases,  either  produced  in 
special  apparatus  or  colletfted  as  waste  gases  from  other 
metallurgical  processes,  are  burnt  with  a  special  admission 
of  atmospheric  air. 

Waste  Gases. — Thenard,  Berthier,  and  Chevreul,  made 
a  report  on  the  28th  of  May,  184a,  to  the  French  Academy 
of  Sciences,  according  to  which,  the  waste  gases  of  blast 
furnaces  were  first  employed  for  the  roasting  of  ores,  burning 
lime,  &c.,  during  the  years  1809  to  1811,  by  M.  Aubertot,t 
who,  in  1814,  suggested  that  suitable  furnaces  should  be 
construifled  for  the  employment  of  the  waste  gases  for  metal- 
lurgical purposes.  Lampadius  had,  in  1801,  already  proved 
the  possibility  of  employing  the  waste  gases  escaping  in  the 
carbonisation  of  wood,  and  in  1830,  at  the  smelting  works 
near  Freiberg,  he  attempted  to  cupel  raw  lead  by  means  of 
gases  produced  from  mineral  coal-X 

According  to  a  communication  made  by  Ebelmen,^  M. 
Viftor  Sire,  of  Clerval,  obtained,   in    1836,  a  patent  for 

■  Bgwkfd.,  vii.,  321. 

t  Aon.  d.  mm.,  3  Bit.,  xiii.,  715. 

*  Erdu.  J.  f.  pr.  Ch.,  v.,  306. 

II  Ann.  d.  mjn.,  4  sft.,  tout.  H.,  iSia,  p.  371. 
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fifteen  years,  purporting  the  manufacture  of  wrought-iron 
by  means  of  waste  gases  from  blast  furnaces.  As  M.  Sire, 
however,  found  no  means  practically  to  employ  his  patent, 
the  French  laws  obliged  him  to  publish  bis  patented  mode 
of  manufacture.  According  to  a  report  of  the  Central  Jury 
of  the  Paris  Exhibition  in  1844,  Sire's  patent  was  employed 
in  1838  at  the  iron  works  of  Jagerthal,  on  the  Lower  Rhine, 
and  since  1841  it  has  been  in  use  at  the  iron  works  at 
Treveray,  in  the  Department  of  the  Moselle,  in  the  fining  of 
iron,  but  this  mode  of  manufacture  did  not  then  obtain 
publicity. 

Wilhelm  von  Faberdu  Faur,  made  successful  experiments 
in  1837,  at  Wasseralfingen,  in  Wilrtemberg,  to  bum  the 
waste  gases  of  iron  blast  furnaces  in  a  reverberatory  furnace, 
and  to  employ  them  for  the  process  of  fining  pig-iron.* 
This  success  created  great  attention,  and  it  was  generally 
acknowledged  that  this  new  mode  of  producing  wrought-iron 
formed  one  of  the  most  important  progresses  in  the  manu- 
facture of  iron,  and  it  was  consequently  adopted  by  various 
iron  works. 

In  the  employment  of  the  waste  gases,  it  was,  however, 
soon  discovered  that  a  modification  in  the  process  of  the 
blast  furnace  modified  the  waste  gases  with  regard  to  quality 
and  quantity,  in  consequence  of  which  the  fining  process 
became  impaired.  The  collection  of  the  gases  also  seemed 
to  injure  the  process  of  the  blast  fumace.t 

This  dependence  of  the  puddling  furnace  on  the  blast 
furnace,  was  so  prejudicial,  as  to  cause  the  method  of  fining 
by  means  of  waste  gases  from  blast  furnaces,  to  be  re- 
linquished ;  on  the  other  hand,  the  waste  gases  have  found 
permanent  employment  in  the  roasting  of  ores,  the  heating 
of  blast  and  boilers,  the  drying  and  carbonising  of  fuel,  and  the 
burning  of  lime  and  bricks,  &c.,  processes  in  which  a  very 
high  and  uniform  temperature  is  not  required ;  a  great  deal 
of  fuel  was  thus  saved,  and  the  collection  of  the  waste  gases 
also  proved  beneficial  to  the  health  of  the  workmen,  and  to 

•   BswUa.,  iii.,  497  J  iv.,  380,  479 ;  vi.,  aog,  125.  aSi. 


,;  Google 


GENERATOR  GASES.  495 

the  preservation  of  vegetation  in  the  neighbourhood  of  the 
establishments. 

The  utilisation  of  the  waste  gases  has  likewise  been  an 
inducement  for  the  extensive  employment  of  the  new  and 
very  economical  system  of  firing  by  means  of  gases  which 
are  artificially  produced  in  a  generator. 

Generator  Gases. — In  the  ordinary  combustion  of  cora- 
paift  fuel  on  grates,  a  considerable  loss  of  temperature, 
sometimes  upwards  of  60  per  cent,  takes  place  for  the  reasons 
stated  on  page  333,  and  for  some  purposes  fuels  of  inferior 
kind  cannot  be  burnt  at  all  on  the  ordinary  grates. 

Before  Faber's  utilisation  of  the  waste  gases  had  obtained 
publicity,  Bischof  made  experiments  in  the  year  1839,  in 
Magdesprung,  on  the  Hartz,  the  purpose  of  which  was  to 
produce-gases  of  carburetted  hydrogen,  &c.,  by  heating  raw 
fuel  in  a  furnace  (generator),  and  to  bum  these  gases  by 
means  of  atmospheric  air.*  Gases  thus  produced  from  peat 
quickly  yielded  the  highest  welding  heat.  Bischof's  results, 
however,  were  not  made  use  of  at  once,  as  Faber's  utilisa- 
tion of  the  waste  gases,  which  in  the  meantime  had  come 
under  public  notice,  seemed  to  be  more  advantageous,  for 
the  reason  that  the  waste  gases  do  not  require  to  be  specially  . 
produced. 

Austrian  metallurgists  who  visited  Wasseralfingen  in  1838, 
and  who  considered  that  the  employment  of  the  waste  gases 
in  the  puddling  of  iron  would  give  no  practical  results,  made 
the  first  attempts  at  the  iron  works  in  Jenbach,  in  Tyrol,  in 
1839  and  1840,  to  produce  combustible  gases  by  an  imperfeA 
combustion  of  small  charcoal ;  dangerous  explosions,  how- 
ever, again  interrupted  these  experiments.! 

Karstent  suggested,  in  1841,  that  it  was  reasonably  ex- 
pefted  that  those  kinds  of  compaft  fuel  which  were  not 
adapted  for  the  puddling  process,  on  account  of  their  little 
heating  power,  and  their  state  of  aggregation,  would  soon 

*  Bischof,  ii.,  die  indirefke,  aber  h&cbite  Nutzung  der  rohen  Brenn materia- 
lien,  a  AnR.,  Qoedlinbarg,  185G,  p.  6.    B.  u.  b.  Ztg.,  1S43,  p.  55  ;  1S55,  p.  55. 
t  ZEKttBMNEs's  met.  OuleaeniDg,  p.  g. 
X  Karbteh's  Eiseahiitteiikunde,  Bd.  Jv.,  p.  171. 
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be  converted  into  carbonic  oxide  gas  in  special  apparatus, 
and  that  this  gas  would  accomplish  the  purpose  in  view. 

Heine*  expressed  a  similar  opinion  in  1843. 

Ebelmen,  Thomas,  and  Laurens  investigated  in  France, 
in  184Z,  the  question  of  producing  combustible  gases  in  gene- 
rators, and,  at  the  same  time,  Frerejean  praflically  experi- 
mented on  the  subjeA  at  Crans,  near  Annecy,  in  Savoy.t 

The  experiments  made  at  Jenbach,  showed  the  practica- 
bility of  firing  with  artificially  produced  gases,  and  proved 
its  great  effedt.  Further  experiments  were,  therefore,  made 
in  1842,  at  the  steel  works  in  St.  Stephan,  in  Styria,  to  pro- 
duce combustible  gases  from  small  brown  coal,  and  again 
favourable  results  were  obtained.  These  results  were  at 
once  published,!  and  gave  rise  to  the  well-merited  general 
introduction  of  the  employment  of  artificially  produced  com< 
bustible  gases. 

This  mode  of  firing  has  been  further  developed  by  Bischof, 
Thomas,  Eck,  and  others,  but  especially  by  Mr.  C.  W. 
Siemens. 

A.  Waste  Gases. 

Waste  gasesll  are  generally  understood  to  be  those  which 
are  given  off  from  the  furnace  head,  but  waste  gases,  properly 
speaking,  are  those  which  escape  from  any  kind  of  furnace 
without  being  utilised. 

The  temperature  which  the  waste  gases  on  combustion 
may  produce  depends  on  the  temperature  of  the  gases,  on  their 
composition,  and  on  the  mode  of  burning  them,  that  is  to  say, 
whether  the  burning  is  effetited  by  hot  or  cold  air  (draught  or 
blast).  According  to  Faber  du  Faur,  waste  gases  from  iron 
blast  furnaces,  when  burnt  with  hot  blast,  produce  in  pud- 
dling furnaces  a  temperature  of  2700°  C,  and  in  re-heating 

"  Bgwkfd.,  v.,  pp.  ^51,  352. 

t  Bulletin  de  U  SodfU  de  Tinduetrie  min^^  torn,  i.,  245 ;  ii,,  449. 

i  Notizen  uber  die  unter  der  Oberkitting  nnd  nach  Angaben  des  k.  k. 
dirigirenden  Bergntths  ond  Oberbergamta-Direaora  Carl  von  ScbeucbenBtuel 
lu  St,  Stephan  in  Steyemurk  vorgCDOnimenen  EiieninKhv«rauche  mit 
aUeiniger  BeDuUnng  de«  rohea  Bravnkoblenkldin.  In  Tunnbr's  Lbob., 
Jahrb.,  ii.  Jahrg.,  1S43,  p.  157. 

|[  Zuiammenttellung  der  Europaiichen  Literatnr  uber  Gichtgate  und  deren 
BcDUtznng  von  183S— 1855,10  Zebuhmbr's  met.  Gatfeuemng,  1856,  p.  ajo. 
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furnaces  a  temperature  of  3100"  C,  but  only  when  the  gases 
are  rich  in  carbonic  oxide  gas,  nearly  constant  in  composi- 
tion, and  at  disposal  in  sufficient  quantity.  If  a  blast  fur- 
nace is  deprived  of  too  many  gases,  as  is  the  case  now  and 
then  when  they  are  required  for  various  purposes,  the  opera- 
tion of  the  furnace  is  impaired,  in  consequence  of  which  the 
composition  of  the  gases  becomes  modified,  rendering  them 
less  adapted  for  employment  as  fuel. 

The  composition  of  the  waste  gases  generally  varies  ac- 
cording to  the  nature  of  the  fuel  employed,  the  temperature 
and  pressure  of  the  air  of  combustion,  the  height  at  which 
the  gases  are  colletfled  from  the  furnace,  and  the  state  of  the 
process.  The  waste  gases  are  mixtures  of  combustible  gases 
(carbonic  oxide,  hydrogen,  carburetted  hydrogen)  and  of  non- 
combustible  gases  {carbonic  acid  and  nitrogen).  Hydrogen 
and  carburetted  hydrogen  are  produced  either  by  dry  distil- 
lation of  the  fuel,  or  by  the  adtion  of  the  moisture  entering 
the  furnace,  as,  according  to  Bunsen,*  the  following  mixture 
results  when  steam  is  conducted  over  red-hot  coal : — 

Hydrogen     .     .    .     56-52  parts  =  4  volumes. 
Carbonic  oxide  gas     2871      „     =  3         „ 
Carbonic  acid  .     .    1477     ,,     =  i        „ 

Nitrogen  originates  from  the  air  of  combustion. 

Concerning  the  waste  gases  given  off  from  iron  blast  fur- 
naces, the  following  statements  are  contained  in  Ure's  "  Dic- 
tionary of  Arts  and  Mines,"  vol.  ii.,  p.  709  :^ 

"  The  £^nt  in  blast  furnaces  by  which  the  oxide  of  iron 
is  reduced  is  carbonic  oxide,  the  presence  of  which,  therefore, 
in  great  excess  is  indispensable  to  the  operation  of  the  fur- 
nace. The  flames  rising  from  the  tunnel  head,  which  make 
a  blast  furnace  at  night  such  an  imposing  objedt,  are  occa- 
sioned principally  by  the  combustion  of  this  gas,  on  coming 
into  contact  with  the  oxygen  of  the  atmosphere.  The  atten- 
tion of  pradlical  men  was  first  called  to  the  enormous  waste 
of  heat  which  this  useless  Same  entailed  by  Messrs.  Bunsen 
and  Playfair,  and  the  application  of  the  gas  to  a  useful 
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purpose  may  be  ranked  next  to  that  of  the  heated  blast,  as  the 
most  important  of  the  recent  improvements  in  iron  manu- 
fadlure.  The  gases  evolved  from  iron  furnaces  where  coal 
is  used  as  fuel  contain  the  following  constituents,  viz.,  nitro' 
gen,  ammonia,  carbonic  acid,  carbonic  oxide,  light  carburetted 
l^dragen,  olefiant  gas,  carlmretted  hydrogen  of  unknown  com- 
position, hydrogen,  sulphuretted  hydrogen,  and  aqueous  vapours. 
The  nature  of  the  combustible  gas  stands  in  a  relation  so 
intimate  to  the  changes  suffered  by  the  materials  put  into 
the  furnace,  that  its  different  composition  in  the  various 
regions  of  the  furnace  indicates  the  changes  suffered  by  the 
materials  introduced,  as  they  descend  in  their  way  to  the 
entrance  of  the  blast.  Now,  as  the  examination  of  this 
column  of  air  in  its  various  heights  in  the  furnace,  must  be 
the  key  to  the  questions  upon  which  the  theory  and  practice 
of  the  manufadlure  of  iron  depend,  it  was  of  the  first  impor- 
tance to  subjeA  it  to  a  rigid  examination.  This,  accordingly, 
has  been  done  by  the  above-named  eminent  chemists,  and 
subsequently  by  Ebelmen.  We  shall  presently  return  to  a 
consideration  of  the  results  they  obtained,  confining  our 
attention  at  present  to  the  composition  of  the  gases  at  the 
mouth  of  the  furnace. 

"  In  order  to  arrive  at  a  knowledge  of  the  composition  of 
these  gases,  M.  Bunsen  first  studied  minutely  the  phenomena 
which  would  ensue  were  the  furnace  filled  with  fuel  only,  by 
a  careful  distillation  of  a  known  weight  of  coal,  and  by 
analysing  the  produdls,  he  obtained  results  embodied  in  the 
subjoined  table : — 

Carbon 68*925 

Tar 13'230 

Water 7'569 

Light  carburetted  hydrogen  ....      7*021 

Carbonic  oxide I*i35 

Carbonic  acid 1*073 

Condensed  hydrocarbons  and  olefiant  gas  0*753 

Sulphuretted  hydrogen ;      0*549 

Hydrogen ....         0*499 

Ammonia  ....         o'2ii 

Nitrogen 0-035' 

100*000 
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"  Now,  in  the  furnace  the  oxygen  introduced  by  the  blast 
is  consumed  in  the  immediate  vicinity  of  the  tuyere,  being 
there  converted  into  carbonic  oxide,  and  the  coal  loses  all  its 
gaseous  produifls  of  distillation  much  above  the  point  at 
which  its  combustion  commences,  near,  ia  faft,  to  the  top 
of  the  furnace.  The  fuel  with  which  the  blast  comes  into 
contaift  is,  therefore,  coke,  and  upon  calculating  the  amount 
of  carbonic  oxide  produced  by  the  combustion  of  68*925  per 
cent  of  carbon,  and  the  nitrogen  of  the  air  expended  in  the 
combustion,  we  get  at  the  composition  by  volume  of  the  gases 
escaping  from  a  furnace  filled  with  Gasforth  coal ;  it  is  as 
follows : — 

Nitrogen 62"423 

Carbonic  oxide 33'l63 

Light  carburetted  hydrogen  ....       2'5zy 

Carbonic  acid o"i3g 

Condensed  hydrocarbon o'lsi 

Sulphuretted  hydrogen o'ogi 

Hydrogen i"43i 

Ammonia 0-070 

lOO'OOO 

With  this  preliminary  information,  Bunsen  proceeded  to 
calculate  the  modification  of  the  gaseous  mixture  occasioned 
by  the  introduiition  into  the  furnace  of  iron  ore  and  lime- 
stone. The  materials  used  for  the  produ<^ion  of  140  lbs.  of 
pig-iron  were — 

420  lbs.  of  calcined  iron  ore,  390  lbs.  of  coal,  170  lbs.  of 
limestone.  From  loo  parts  of  coal  67'228  parts  of  coke  were 
obtained ;  but  from  this  must  be  deduifted  2*68  ashes  and 
Z'i8  carbon  entering  into  combination  with  the  iron,  which 
leaves  as  the  quantity  of  carbon  aftually  burnt  into  carbonic 
oxide  before  the  tuyere  65*368.  Part  of  this  carbonic  oxide 
undergoes  oxidation  into  carbonic  acid  at  the  expense  of  the 
oxygen  in  the  oxide  of  iron,  which  it  reduces.  A  further 
quantity  of  carbonic  acid  is  derived  from  the  limestone  ;  so 
that  the  gases  returned  to  the  mouth  of  the  furnace  by  the 
combustion  of  the  67*228  parts  of  coke,  the  redutStion  of  the 
corresponding  quantity  of  pre,  and  the  decomposition  of  lime- 
stone consist  of — 

2   K  2 
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Nitrogen 282'86o 

Carbonic  acid 59'4i)2 

Carbonic  oxide 121*906 

464*248 
Add  to  this  the  produ<as  of  the  distillation  of  the  coal,  and 
we  get  the  following  as  the   percentage  compositions,  by 
weight  and  measure,  of  the  gases  issuing  from  the  mouth  of 
the  furnace : — 

By  Weight.  By  Volume. 

Nitrogen 59'559  60*907 

Carbonic  acid 12765  8*370 

Carbonic  oxide 26*006  26-846 

Light  carburetted  hydrogen    .     i"397  2*536 

Hydrogen 0*078  1*126 

Condensed  hydrocarbon      .     .     0*108  0*il2 

Sulphuretted  hydrogen  .     .     .     0*053  o'045 

Ammonia 0*054  o"058 

100*000  I00"000 

The  calculations  of  the  quantity  of  heat  capable  of  being 
realised  in  the  furnace  by  the  combustion  of  the  furnace 
gases,  are  founded  on  the  data  on  the  heat  of  combustion, 
given  in  the  posthumous  papersof  Dulong,  according  to  which 
I  kilogramme  or  15,434  grains  of 

•c. 
Carbon  burning  to  CO  heats  15,434  grains  of  water  to    1499 
CO,  „  „  „  7371 

Carbonic  oxide  „  „  „  2502 

Hydrogen  , ,  „  , ,  34706 

Light  carburetted  hydrogen  ,,  ,,  „  13469 

Olefiant  gas  „  „  „  12322 

Sulphuretted  hydrogen  „  „  „  4476 

Ammonia  ,,  „  „  6060 

Using  these  numbers,  it  is  found  that  by  the  combustion 
of  100  of  the  furnace  gases  there  are  generated  from  the 
59'559  Nitrogen  — 

12765  Carbonic  acid  — 

26*006  Carbonic  oxide  65067 

i"397  Carburetted  hydrogen  18826 
0*078  Hydrogen  2704 

0'io8  Olefiant  gas  1331 

0*053  Sulphuretted  hydn^en    238 
0*034  Ammonia  208 

88374=' 
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units  of  beat,  the  unit  being  understood  to  mean  the  amount 
of  heat  necessary  to  raise  one  kilogramme  =  2*204  lbs. 
=  15,434  grains  of  water  from  0°  C.  to  i'  C.  The 
amount  of  heat  realised  in  the  furnace  is  limited  to  that 
produced  by  the  expenditure  of  the  oxygen,  corresponding  to 
59*559  nitrogen  in  the  production  of  carbonic  oxide.  This 
amounts  to  2001  units ;  hence  follows  the  remarkable  con< 
elusion  that,  in  the  furnace  which  was  the  subjeA  of  experi- 
ment, not  less  than  81*54  P^''  cent  of  the  fuel  is  lost  in  the 
form  of  combustible  matter  still  fit  for  use,  and  that  only 
18*46  per  cent  of  the  whole  fuel  is  realised  in  carrying  out 
the  processes  in  the  furnace. 

"  The  temperature  which  should  be  produced  by  the  flame 
of  the  furnace  gases,  when  burnt  with  air,  is  found  by  dividing 
the  units  of  heat,  viz.,  883*74  arising  from  the  combustion 
of  one  kilogramme  of  the  gases,  by  the  number  resulting  when 
the  quantity  of  the  products  of  combustion  is  multiplied  by 
their  specific  heat  (1*9338  x  0*2696).  We  thus  get  the  number 
3083°  Fahr. ;  but  this  is  below  the  truth,  inasmuch  as  there 
is  an  accession  of  combustible  gases  at  the  mouth  of  the 
furnace,  arising  from  the  decomposition  of  the  liquid  pro- 
ducts of  the  distillation  of  the  coal  in  its  passage  over  the 
red-hot  fuel.  Making  proper  allowance  for  this,  and  using 
numbers  derived  from  aCtual  experiments,  Messrs.  Bunsen 
and  Playfair  calculated  the  temperature  of  the  gases,  when 
generated  under  favourable  conditions,  at  3214°  F.,  and  even 
this  may  be  increased  to  3632°  F.,  a  temperature  far  above 
that  of  cast-iron,  by  the  use  of  a  blast  sufficiently  heated." 

Analyses  of  gases  from  a  furnace  at  Alfreton,  in  Derby- 
shire, at  various  depths  below  the  surface,  gave  to  Messrs. 
Bunsen  and  Playfair  the  results  embodied  in  the  subjoined 
table.  The  furnace  was  supplied  with  eighty  charges  in  the 
course  of  twenty-four  hours,  each  charge  consisting  of 
390  lbs.  of  coal,  420  lbs.  of  calcined  ironstone,  and  170  lbs. 
of  limestone,  the  product  being  140  lbs.  of  pig-iron.  The 
gases  were  colle<fted  through  a  system  of  tubes  of  malleable 
iron,  I  inch  in  diameter,  and  were  received  in  glass  tubes 
4  inches  long,  and  }  of  an  inch  in  diameter.  The  well- 
*  Ure's  DiOioDMy  of  Arts  and  Hiaei,  vol.  ii.,  p-  71G. 
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known  skill  of  M.  Bunsen  as  a  gas  analyst  is  a  guarantee 
for  the  accuracy  of  the  determinations : — 


Compoation  of  the  Gases  taken  fron 
Furnace. 


different  Depths  in  the 


Nitrogen  .  . 
Carbonic  acid  . 
Carbonic  oxide. 
Light   carbu retted 

hydrogen . 
Hydrogen  . 
Olefiant  gas. 
Cyanogen    . 


Nitrogen        .     .  . 

Carbonic  acid    .  . 

Carbonic  oxide  .  . 
Light     carburetted 

hydrogen    .     .  . 

Hydrogen.     .     .  ■ 

Olefiant  gas  .     .  . 

Cyanogen.    .    .  . 


3  ft.  S  It.  II  ft.  14  ft.  17  ft. 

55'35  5477  52-57  50'5o  55'49 

777  9*42      9"4i      9'io  ""43 

25-97  20-24  23-16  19-30  1877 

3-75  8-23  4-57  6-64  4-31 
673  6-49  9-33  12-43  7-62 
0-43      0-83      0-95      1-57      1-38 

VI.  VII.  VIII.  IX. 

30  ft.  33  ft.  24  ft.  34  ft. 

60-46  58-28  56-75  58-05 

10-83       8-19  lO'OS       — 

19-43  29-97  25*19  37'43 


4-40      1-64      2-33      — 
4-83      4-92      5-65      3-18 


trace    trace      1-34 


From  these  analyses  it  appears : — 

1.  That  at  a  depth  of  34  feet  from  the  top,  within  2  feet 
9  inches  of  the  tuyere,  the  gas  was  entirely  free  from  carbonic 
acid,  but  contained  an  appreciable  quantity  of  cyanogen. 

2.  That  the  nitrogen  is  at  a  minimum  at  14  feet. 

3.  That  carburetted  hydrogen  is  found  as  low  as  24  feet, 
indicating  that,  at  that  depth,  coal  must  be  undergoing  the 
process  of  coking. 

4.  That  hydrogen  and  olefiant  gases  are  at  a  maximum 
at  14  feet. 

5.  That  the  proportions  between  the  carbonic  acid  and 
carbonic  oxide  are  irregular,  which  is  probably  to  be  explained 
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by  the  faA  that  water  is  decomposed  as  its  vapour  passes 

through  the  layers  of  hot  coal. 
The  average  composition  of  the  gases  evolved  from  the 

materials  used  in  the  blast  furnace,  is  somewhere  between 

the  following  numbers : — 

Nitrogen 6o'907  57"878 

Carbonic  acid 8-370  9'823 

Carbonic  oxide 26-846  24*042 

Light  carburetted  hydrogen        2'536  2743 

Hydrogen I*ia6  4*973 

Olefiant  gas o*iiz  0*392 

Sulphuretted  hydrogen    .     .        0-045  .  0*035 

Ammonia 0*058  0*115 

1 00"  000  1 00' 000 

The  proportion  of  nitrogen  to  oxygen,  as  an  average  de- 
duced from  these  analyses,  is  79*2  to  27.  The  product  of 
the  combustion  of  coal  gives  the  same  proportions  as  those 
existing  in  atmospheric  air,  viii.,  79*2  :20'o8.  The  excess 
of  oxygen  must  therefore  depend  upon  the  carbonic  acid  of 
the  limestone,  and  the  oxygen  of  the  ore  given  to  carbon 
during  the  process  of  reduction.  Now,  as  at  a.  depth  of 
24  feet  the  gas  colteifted  contained  27*6  and  26*5  oxygen  to 
79'2  nitrogen,  it  is  held  that  at  this  depth  the  gas  must 
already  have  abstradted  all  the  oxygen  of  the  ore  and  the 
carbonic  acid  of  the  limestone  ;  and  the  conclusion  is  drawn 
that  in  hot  blast  furnaces  fed  with  coal,  the  reduction  of  the 
iron  and  the  expulsion  of  the  carbonic  acid  from  the  lime- 
stone, takes  places  in  the  boshes  of  the  furnace.  The  region 
of  reduction  in  a  furnace  smelting  with  coal,  must  be  much 
lower  than  when  the  fuel  is  coke  or  charcoal,  because  a  large 
portion  of  the  body  of  the  furnace  must  be  taken  up  in  the 
process  of  coking,  and  the  temperature  ig  thereby  so  de- 
pressed that  it  is  neither  sufficient  for  the  redudtion  of  the 
ore,  nor  for  the  expulsion  of  carbonic  acid  from  the  limestone. 
The  mean  general  results  obtained  by  Ebelmen  from  a 
charcoal  furnace  at  Clerval,  are  the  following.  The  methods 
of  analysis  adopted  by  this  chemist  were  altogether  different 
from  those  employed  by  Bunsen  and  Playfair : — 
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No.  of  Analyiis       i.  ii.  iii. 

Depth  below  montb    3ft.  jia.  311.3111.  gftgio.  9  fit.  g  in. 

Carbonic  acid     ....  12*01  ii*95  4'I4  4-33 

Carbonic  oxide  ....  24*65  23*85  31*56  31*34 

Hydrogen 5*19  4*31  3*04  2*77 

Carburetted  hydrogen.     .  0*93  1*33  0*34  0*77 

Nitrogen 57"22  58*56  60*92  60*89 

Total       ....  100*00  100*00  zoo'oo  too*oo 

Oxygen  per  100  nitrogen .    43'50    40*80    32*70    32'76 

Carbon  vapour  per  zoo 
nitrogen 32'8o    3r'7o    29*60    29*60 

No.  of  Aoaly^ia      iv.  v.  vi.  vii. 

Depth  below  mouth    igft.  6in.    igft.etn.      27  ft.        Tynp. 

Carbonic  acid     ....  0*49  0*07  —  0*93 

Carbonic  oxide  ....  35-05  35-47  37*55  39*86 

Hydrogen i"o6  i"09  1*13  0*79 

Carburetted  hydrogen  0*36  0*31  o'lo  0*25 

Nitrogen 63-04  63*06  61*22  58*17 

Total       ....  100*00  100*00  loo'oo  100*00 

Oxygen  per  100  nitrogen  .    28*50    28*20    30*70    35-80 

Carbon   vapour   per   100 
nitrogen 28*50    28*50    30*70    35*90 

I.  Gas  taken  a  short  time  after  the  introduAion  of  the 
chaise.  2.  The  same  taken  a  quarter  of  an  hour  after 
cliarging.  3.  Gas  coUeAed  through  a  cast-iron  tube  4  inches 
in  diameter ;  it  rushed  out  wjth  a  noise  and  gave  a  sheet  of 
flame,  carrying  with  it  particles  of  charcoal  and  dust. 
4.  Gas  colleifted  by  boring  the  masonry;  it  rushed  out 
violently,  burning  with  a  blue-coloured  flame.  5.  The  same 
taken  an  hour  after.  6.  Gas  collected  by  boring  the  masonry 
at  the  back  of  the  furnace,  about  3^  feet  above  the  tuyere ;  it 
burnt  with  a  white  flame,  giving  off  fumes  of  oxide  of  zinc ; 
it  was  collected  through  porcelain  tubes.  7.  Gas  coUeAed 
through  gun  barrels,  lined  with  porcelain ;  it  was  evolved 
with  sufficient  force  to  project  scoriae  and  even  cast-iron. 
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The  furnace  was  working  with  cold  blast  under  a  pressure 
of  0*44  inch  of  mercuiy.  The  charges  had  the  following 
composition  : —  Charcoal,  253  lbs. ;  minerals  (various), 
397  lbs.;  limestone,  254  lbs.  Thirty-two  charges  were 
driven  in  twenty-four  hours ;  the  furnace  was  stopped  after 
eveiy  twenty  charges ;  the  produce  was  3970  lbs.  of  grey 
cast-iron  ;  the  daily  yield  being  about  6175  lbs. 

The  experiments  show  that  while  the  carbonic  acid  pro- 
gressively diminishes  downwards,  the  carbonic  oxide  pro- 
gressively increases,  the  former  disappearing  altogether  at  a 
depth  of  37  feet.  On  examining  the  numbers  representing 
the  oxygen  and  carbon  referred  to  100  nitrogen,  it  is  seen 
that  they  diminish  progressively  to  a  depth  of  19  feet,  the 
oxygen  combined  varying  from  42*5  to  28-2.  The  proportion 
of  carbon  in  the  same  zone  rises  from  28*5  to  32*8,  a  result 
brought  about  as  much  by  the  carbonic  acid  disengaged  from 
the  minerals,  as  from  the  gaseous  produifls  of  the  distillation 
of  the  charcoal.  It  is  seen  that  the  rcduiflion  of  the  mineral 
is  already  considerably  advanced  at  the  depth  of  19^  feet, 
and  this,  so  to  speak,  without  any  consumption  of  charcoal, 
but  through  the  conversion  of  carbonic  acid  into  carbonic 
oxide.  The  hydrogen  decreases  as  the  carbonic  oxide  in- 
creases, showing  that  this  gas  exercises  00  influence  in  the 
reduiflion  of  the  ore. 

The  results  obtained  by  M.  Ebelmen,  from  a  coke  furnace 
at  Seraing,  were  as  under: — 

No.  of  Experiment  1.  11.  ni. 

Depth 
Carbonic  acid  .... 
Carbonic  oxide  .... 

Hydrogen 2'7i 

Carburetted  hydrogen 

Nitrogen 57'o6 

Totals     ....  loo'oo  loo'oo  loo'oo  loo'oo 

Oxygen  per  loo  nitrogen .    45*00    45"6o    40-00    29-60 

Carbon   vapour  per   loo 

nitrogen 35-20     35-70    33*00     29-40 


I  ft. 

lit. 

4«- 

9II 

"•39 

11-39 

9-85 

i"54 

28-61 

28-93 

28-06 

33-88 

271 

3-04 

0-97 

0-69 

0'20 

1-48 

143 

57-06 

56-64 

59-64 

62-46 
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No.  of 

Depth     to  ft.         10  ft.        ji  ft.         45  ft. 

Carbonic  acid     ....  i'o8  i'i3  0"io       — 

Carbonic  oxide  ....  35*20  35"35  36-30  45'o$ 

Hydrogen 173  2*08  2'0I       0*25 

Carburetted  hydrogen      .  0"33  0*29  0*25      0*07 

Nitrogen 6i'67  6i"i5  61-34  54*^3 

Totals     ....  100-00  100-00  loo'oo  loo-oo 

Oxygen  per  100  nitrogen.    30*20    30-60    29-90    41*20 

Carbon  vapour  per  100 
nitrogen 29-60    30-00    29*90    41*30 

I.  Gas  obtained  by  plunging  an  iron  tube,  3  centimetres 
in  diameter,  about  i  foot  into  the  furnace.  2.  The  same ; 
the  gas  burnt  spontaneously.  4.  Two  consecutive  analyses 
of  the  same  gas.  5.  The  gas  was  coUedled  by  an  iron  tube. 
6.  Gas  coUeifted  by  piercing  the  masonry  2  Feet  above  the 
tuyeres  ;  the  gas  was  accompanied  by  fumes  of  cyanide  of 
potassium,  but  no  cyanogen  could  be  deteifled. 

The  furnace  was  50  feet  high  j  the  air  was  supplied 
through  two  tuyeres,  and  was  heated  to  212°  C. ;  it  was  driven 
at  the  rate  of  26,840  gallons  per  minute,  under  a  pressure  of 
0*5  of  mercury.  The  charges  were  composed  of  unroasted 
minerals,  1434  lbs. ;  forge  cinders,  1434  lbs. ;  limestone, 
948  lbs. ;  coke,  1765  lbs.  The  metal  was  run  every  twelve 
hours,  and  17,500  lbs.  of  white  ciystalline  cast-iron  obtained, 
which  was  run  in  thin  plates,  and  taken  direfUy  to  the 
puddling  furnace.  The  yield  of  the  mineral  was  42  per  cent, 
andthe  consumption  of  coke  1500  per  1000  of  cast-iron,  rising 
from  1800  to  2000  per  1000  of  iron  when  the  furnace  was 
working  for  foundry  iron. 

The  proportion  of  carbonic  acid  in  the  gases  obtained 
from  different  heights  in  a  furnace,*  has  been  studied  by 
MM.  E.  Montefiore  Levi  and  Dr.  Emil  Schmidt  (Zeitschrift 
des  Oesterr.  Ingenieurvereins,  1852).  They  found  that  the 
zone  from  which  this  gas  is  entirely  absent  is  of  very  limited 
extent,  for  although  it  is  not  met  with  at  a  height  of  8  feet 
from  the  tuyere,  it  exists  at  9  feet  to  the  extent  of  4*78  per 

*  Urb's  Diftionary  ofArtt  and  Mines,  vol.  ii.,  p. 730. 
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cent,  above  which  point  it  diminishes  up  to  15  feet,  where 
it  is  zero.  From  this  point  it  again  increases,  amounting  to 
a  height  of  30  feet  to  3'5  per  cent.  It  then  gradually  di- 
minishes, until,  at  a  point  from  37  to  39  feet  above  the 
tuyere,  it  amounts  only  to  1*69  or  z'91  per  cent,  after  which 
it  goes  on  increasing  with  rapidity  and  regularity  up  to  the 
furnace  mouth.  The  carbonic  acid  existing  in  the  furnace 
gases,  between  15  and  30  feet,  is  referred  by  these  chemists 
to  the  decomposition  of  the  limestone  used  as  a  flux ;  and 
its  gradual  diminution  above  this  point  indicates  a  reatflion 
of  considerable  importance,  namely,  that  of  the  carbonic  acid 
upon  the  ignited  coke,  carbon  being  taken  up,  and  carbonic 
oxide  formed.  Now,  the  quantity  of  carbon  taken  up  by 
275  parts  of  carbonic  acid  to  convert  it  into  carbonic  oxide 
amounts  to  73  parts,  and  as,  in  the  furnace  experimented  with, 
20,000  kilogrammes  of  limestone,  containing  about  8000 
kilogrammes  of  carbonic  acid,  were  consumed  every  twenty- 
four  hours,  a  loss  of  fuel,  equivalent  to  2173  kilogrammes  of 
carbon,  was  daily  occasioned  by  the  conversion  of  this  car- 
bonic acid  into  carbonic  oxide,  and  this  may  be  considered 
equivalent  to  2500  kilogrammes  of  coke  with  11  per  cent  of 
ash.  The  heat  absorbed  by  the  conversion  of  the  carbonic 
acid  of  the  limestone  into  a  gaseous  state  is  found  by  calcu- 
lation, taking  the  specific  heat  of  carbonic  acid  as  o'22,  and 
the  heating  power  of  coke  at  5ooo,  to  be  equivalent  to  that 
developed  by  the  combustion  of  322  kilogrammes  of  coke. 
Now,  it  was  demonstrated  by  Dulong,  that  the  quantity  of 
heat  disengaged  in  the  conversion  of  carbon  into  carbonic 
oxide  is  much  less  than  that  disengaged  in  the  conversion 
of  carbonic  oxide  into  carbonic  acid,  although  the  same 
quantity  of  oxygen  is  required  in  both  cases.  The  conver- 
sion of  carbonic  acid  into  carbonic  oxide,  by  passing  over 
ignited  carbon,  is  essentially  a  two-fold  action — a  combina- 
tion of  carbon  with  oxygen,  and  a  decomposition  of  carbonic 
acid  into  carbonic  oxide  and  oxygen — the  former  is  accom- 
panied by  development,  the  latter  by  absorption,  of  heat ;  the 
latter  preponderates  to  such  an  extent  as  to  indicate  a  loss 
of  temperature  equivalent  to  the  heat  developed  by  the  com- 
bustion of  1609  kilogrammes  of  coke. 
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The  authors  were  led  by  these  observations  to  employ 
burnt  lime  in  working  blast  furnaces,  and  thus  obviate  the 
loss  of  heat  (vol.  ii.,  page  406). 

According  to  Scheerer,  the  waste  gases  have  sometimes 
the  following  composition,  and  may  possess  the  subjoined 
heating  powers  :— 

Otues  from 


Charcoal.  Coke. 


Hineral 
Coal. 


Nitrogen 63-4  397  64-4  56-3 

Carbonic  oxide 29'6  20*2  34*6  21*5 

Carbonic  acid 5*9  19*4  o'9  15*2 

Light  carburetted  hydrogen    .  I'o  0*3  —  4-2 

Hydrogen 01  0-4  o"i  I'o 

Olefiant  gas —  —  —  — 

Total.     loo-o    loo'o    ioo*o    loo'o 

Absolute  beating  power      .     .    o'oSi  o*o6  0*077    o'i62 
Specific        „  „        o"oooro5  0*000078  0*0001 0*000211 

F^rometric  „         „         i255''C.  io75°C.  i265''C.  i48o°C. 

For  further  details  we  refer  to  the  following  investiga- 
tions : — 
A.  Gases  from  Iron  Blast  Furnaces. 
I.  Charcoal  furnaces. 

a.  At  Veckerhagen,  investigated  by  Bunsen  (Fogg. 

Ann.,  xl.,  193). 

b.  At  Clerval,  by  Ebelmen  (Ann.  d.  min.,  3  s£r.,  xx., 

359)- 

c.  At  Barum  in  Norway,  by  Scheerer  and  Langbeig 

(Fogg.  Ann,,  Ix.,  489.  Bgwkfd.,  vii.,  289 ;  ix.,  189). 

d.  At  Eisenerz,  by  R.  Richter  (Tunner's  Leob.  Jahrb., 

Bd.  ix.,  i860,  p.  313). 
z.  Furnaces  carried  on  with  a  mixture  of  charcoal  and 
air-dried  wood  at  Audincourt,  by  Ebelmen  (Ann.  d. 
min.,  3  s£r.,  xx.,  359). 

3.  Coke  furnace  at  Vienne  and  Font  I'Ev^ue  (Ann.  d. 

min.,  4  s^r.,  v.,  3). 

4.  Furnace  at  Alfreton,  carried  on  with  mineral  coal, 

by  Bunsen  and  Playfair  (Erdm.,  J.  f.  pr.  Cb.,  xlii., 
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145.      Berzelius,  Jahresber.,   1848,  pp.  54,   199. 
Bgwkfd.,  xii.,  369). 

B.  Waste  Gases  from   Finery  Fires,  carried  on  with 

charcoal  at  Audincourt,  by  Ebelmen  (Ann.  d.  min.,  4 
sir.,  iii.,  167). 

C.  Waste    Gases    from    Copper,    Lead,    and    Silver 

Smelting  Furnaces. 
I.  From  the  furnaces  at  Mansfeld  for  melting  copper 
schist. 

a.  Smelting  with  charcoal,  by  Bunsen  (Fogg.  Ann., 

1.,  81.    Bgwkfd.,  iii.,  257 ;  v.,  209 ;  vi.,  513). 

b.  Smelting  with  coke ;  the  same. 

c.  Smelting  with  coke  and  charcoal ;  the  same. 

d.  Smelting  with  coke  and  coal  (Bgwkfd.,  vii.,  545). 

e.  Smelting  with  wood. 

3.  From  copper  smelting  furnaces  in  Russia,  by  Schubin 

(B.  u.  h.  Ztg.,  1846,  p.  569). 
3.  From  furnaces  for  smelting  raw  matt  with  coke  in 
Freiberg,  by  Karsten  (B.  u.  h.  Ztg.,  iii.,  p.  137). 
Employment  of  the  Waste  Gases. — The  employment  of 
waste  gases  for  metallurgical  and  other  technical  purposes 
is  very  variable  ;  they  are  used,  for  instance,  as  follows : — 

1.  Waste  gases  from  iron  blast  furnaces*  are  employed  in 
puddling  iron,  roasting  iron  ores;  heating  the  blast,  drying 
and  charring  wood,  burning  bricks  and  lime,  heating  boilers, 
in  the  manufaAure  of  cement  steel,  &c. 

2.  The  waste  gases  from  cupola  fumacesl-  are  used  for 
heating  the  blast,  boilers,  &c. 

3.  The  waste  ^sea  from  finery  firesl  are  employed  for 
heating  the  blast,  for  the  preparatory  heating  of  the  pig-iron 

*  Bgwkid.,  iii.,  479  i  iv.,  156,  2O7,  303,  304,  479;  *i.,  aog,  315,381,319; 
vii.,94,4«S!  tJH-.  198,111;  i>c-,465i  "■-  104.  "' i  »i-.  469;  ""--71  "ii-,5i7- 
DiNOk,  cxxvii.,  116,  a6i;  Ixxxix.,  119.  Poco.  Ann.,  1.,  Si,  637.  Erdm., 
J,  f.  pr.  Cbem.,  xxii.,  389)  xxvi,  148, 131.  B.  «,  b.  Ztg.,  ix.,  333,  369,  673  ; 
»i-.  579 ;  »i»-.  >S3  ;  xv.,  90 ;  ivii.,  119,  834 ;  xjx.,  131,  148,  313. 

t  Bgwkrd.,  u.,  135.  Polyt.  Centr.,  1S47,  p.  917.  B.  n.  b.  Ztg.,  1843,  p.  ifii ; 
<855,  P-  '77- 

X  Erdm.,  J.  f.  ok.  a.  techn.  Chem.,  vii.,  137.  Bgwkfd.,  iv.,  449 ;  v.,  89,  leg, 
850;  vi.,  396;  ix.,  513:  xi.,  97;  xii.,  461 J  xiii.,  641.  Polyt.  Centr.,  1850, 
p.  41S.     DiHOL.,  cxxx.,  30.     B.  u.  b.  Ztg.,  1834,  p.  13 ;  v.,  S9,  169,  S50. 
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to  be  fined,  for  re-heating  the  blooms,  for  the  puddling 
process,  for  drying  wood,  &c. 

4-  The  waste  flame  from  a  copper  smelting  furnace*  in 
Russia,  is  used  for  refining  black  copper  in  a  reverfaeratory 
furnace. 

The  waste  gases  from  the  copper  smelting  furnaces  at 
Mansfeld  and  Riechelsdorft  have  less  combustibility  than 
those  from  iron  blast  furnaces,  and  their  employment  is, 
therefore,  less  advantageous. 

5.  The  waste  gases  from  lead  smelting  furnaces. 
Rieneckert  has  made  use  of  the  flame  containing  oxide  of 
lead,  escaping  at  the  cupelling  process,  for  burning  and 
glazing  bricks.  The  employment  of  the  waste  gases  from 
lead  furnaces  at  Kremnitz,[|  for  roasting  lead  and  silver  ores 
in  the  form  of  schlich,  has  not  been  successful,  for  the 
reason  that  the  result  of  the  roasting  process  depended  on 
the  regularity  of  the  furnace  process,  and  the  roasted  mass 
acquired  a  pulverulent  and  not  a  compact  consistency. 
Attempts  have  been  made  to  use  the  waste  gases  from  the 
lead  smelting  furnaces  at  the  Upper  Hartz,§  for  roasting 
lead  matt,  but  likewise  without  success. 

Col)e<5ttng  the  W^aste  Gases. — Various  methods  are 
employed  for  colledting  the  gases  (vol.  ii.,  page  447).  The 
best  apparatus  used  in  this  country  seems  to  be  that  adopted 
at  Ebbw  Vale,  Sirhowy,  and  Cwm  Celyn,  of  which  we  gave  a 
small  sketch  in  vol.  ii.,  Fig.  108,  and  which  is  here  repre- 
sented by  Figs.  89,  90,  91,  92,  93,  and  94.  These  Figs, 
were  furnished  for  Ure'a  "  Dictionary  "  by  the  proprietor  of 
the  Cwm  Celyn  and  Btaina  Iron  Works. 

Fig.  95  shows  the  plan  which  is  adopted  at  the  Brymbo  Iron 
Works,  near  Wrexham,  for  extradting  the  gases ;  it  is  the  patent 
of  C.  E.  Darby.  It  consists  of  a  large  pipe  or  tube  inserted 
into  the  middle  of  the  top  part  of  the  furnace,  which  descends 
a  short  distance  down  into  the  materials,  and  is  carried  over 

■  B.  □.  h.  Ztg.,  v.,  569. 

f  Ann.  d.  Min.,  4  sir.,  Iv.,  541. 

X  B^kfd.,  xi.,  617. 

II  OcBterr.  Zlschr.,  i8je,  p.  60. 

%  Kerl,  Oberh.  HQttenpr.,  3  Anfi.,  1SG4,  p.  334. 
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the  top  of  the  side  of  the  furnace  in  the  form  of  a  syphon,  a 
continuation  of  which  pipe  is  taken  to  the  boilers  or  hot  air 


Fig.  89. 


stoves,  where  the  gas  is  burnt  in  the  usual  way.     The 
principal  advantage  claimed  by  this  method  is,  that  it  puts 


Fig.  90. 


no  check  on  the  free  escape  of  the  gases,  by  which  the  driving 
of  the  furnace  is  impeded,  and  the  quality  of  the  iron  de- 


FiG  gi. 


terioriated.    The  patentee  estimates  the  saving  of  fuel  with 
two  furnaces  making  240  tons  of  iron  per  week,  by  applying 
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the  gas  to  the  blast  engine,  boilers,  and  hot  air  stoves,  at 

£izoo  a  year.    Thus  : — Consumption  of  fuel  at  engine  and 

stoves,  equal  to  7  cwts.  of  good  coal  per  ton  of  iron,  made 

Pig  92. 


Fio.  93. 
at  3J^  per  cwt.,  is  2s.  ojd.,  say  as.  per  ton  on  12,480  tons,  or 
^1248. 

The  causes  of  derangement  in    the  working  of  blast 
furnaces    when  the    gases  are  drawn    off  to  be  utilised 
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elsewhere,  have  been  diligently  studied  by  Mr.  George  Parry, 
of  Ebbw  Vale,  and  are  described  by  him  in  Ure's 
"  Dictionary  of  Arts  and  Mines,"  vol.  ii.,  p.  712,  thus  : — 

"  The  manner  in  which  the  waste  gases  were  formerly 
coUeifled,  was  by  sinking  an  iron  tube,  7  feet  deep,  into  the 
throat  of  the  furnace,  the  diameter  of  the  tube  being  about 
3  feet  less  than  that  of  the  throat,  thus  leaving  an  annular 
space  of  iS  inches  between  the  walls  of  the  furnace  and  the 
sides  of  the  tube.  From  this  space,  the  gases  were  allowed 
to  pass  off  by  the  pressure  within  the  furnace,  through  a 


Fig.  94. 


pipe  which  penetrated  the  ring  and  walls.  When  the  tube 
was  kept  full  of  minerals,  about  one-third  or  a  quarter  only 
of  the  gas  escaped  into  the  open  air,  the  rest  passing  into 
the  annular  chamber,  and  when  this  state  of  things  was 
continued,  those  troublesome  adhesions  of  masses  of  semi- 
fused  materials  above  and  around  the  boshes,  technically 
termed  'scaffolds,'  occurred,  with  the  usual  accompaniment 

VOL.  HI.  z    L 
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of  black  cinder  and  inferior  iron.  It  is  evident  that  when 
the  tube  was  kept  full  of  minerals,  the  contents  adled  as  a 
loose  stopper  to  the  current  of  hot  gases,  forced  up  by 
pressure  from  beneath,  and  diverted  them  towards  the 
annular  space,  where  there  was  no  such  resistance,  thus 
leaving  the  minerals  in  the  central  parts  of  the  furnace  in- 
sufficiently supplied  with  the  upward  current,  and  conse- 
quently with  heat  ;  the  minerals,  on  the  other  hand, 
surrounding  the  cold  central  cone,  were  supplied  with  more 
than  their  usual  quantity  of  heat,  as  was  evidenced  by  the 

Fig.  95. 


burning  of  tuyeres,  and  by  the  destrudtion  of  the  brick- 
work in  their  neighbourhood.  In  this  state  of  things,  the 
ores  in  the  external  portions  of  the  furnace  would  become 
reduced  and  converted  into  grey  metal,  while  those  in  the 
central  portions  would,  according  to  the  degree  of  deviation 
of  the  ascending  current  of  heated  gases  from  them,  descend 
to  the  point  of  fusion  either  thoroughly  deoxidised  and 
slightly  carbonised,  or  possibly  with  a  portion  still  in  the 
state  of  oxide,  and  mixing  there  with  the  properly  reduced 
ores,  enter  into  fusion  with  them,  producing  a  mixture  of 
irons  which  must  necessarily  prove  of  inferior  quality,  and 
a  black  cinder  from  the  unreduced  oxides.     When  the  iron 
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tube  in  the  throat  of  the  furnace  was  only  partially  filled 
with  materials,  much  more  gas  escaped  into  the  open  air,  as 
might  have  been  expected,  and  consequently  more  traversed 
the  central  parts  of  the  furnace  ;  and  it  was  always  observed 
that  when  that  mode  of  filling  was  adopted,  the  furnace 
worked  much  better ;  but  then  the  object,  viz.,  that  of 
economising  the  gases,  was  not  attained.  Differently 
formed  furnaces  were  found  to  be  disturbed  in  different 
degrees  by  this  system  of  drawing  off  the  gases;  the  old 
conical  narrow  topped  furnaces  were  affedled  very  much  less 
than  the  improved  modem  domed  top  furnace  of  large 
capacity,  from  which  all  attempts  to  take  off  any  useful 
portion  of  the  gases  proved  absolute  ruin.  It  might  be 
argued  that,  as  the  same  quantity  of  blast  and  fuel  were 
used  as  heretofore,  the  ascending  current  uf  heated  gases 
ought  to  produce  the  same  deoxidising  and  carbonising 
effedt  on  the  superincumbent  mass,  whatever  direi5tion  they 
might  take  in  making  their  escape  in  the  upper  region  of  the 
furnace  ;  for  if  the  central  part  should  not  have  been 
sufficiently  ai5led  upon,  the  external  annulus  would  have 
more  than  its  usual  share  of  chemical  influences,  ^utwhen 
it  is  considered  that  iron  is  only  capable  of  taking  up  a 
certain  quantity  of  carbon,  and  no  more,  it  follows  that, 
after  having  received  this  amount,  its  further  exposure  in 
the  external  parts  of  the  furnace  where  the  heated  gases 
abound,  can  do  nothing  towards  supplying  the  sufficiency 
of  carbon  in  the  metal  reduced  in  the  central  part.  From 
these  considerations  it  became  evident  that  no  system  of 
drawing  off  the  gases  around  the  sides,  whether  by  the  in- 
sertion of  an  iron  tube  into  the  throat,  or  by  lateral  openings 
through  the  walls  into  a  chamber  surrounding  the  top  of  the 
furnace,  can  be  adopted  without  more  or  less  injury  to  its 
aiflion,  and  that  the  only  unobjedtionable  mode  would  be  to 
take  the  gases  from  a  chamber  above  the  minerals,  thus 
equalising  the  pressure  on  the  whole  sei5tional  area  of  the 
mouth,  and  thereby  allowing  an  equally  free  flow  for  the 
ascending  current  up  the  middle,  as  well  as  up  the  sides  of 
the  furnace.  By  this  method,  the  whole  of  the  waste  gases 
would  become  utilised,  instead  of  a  portion  only,  and  the 
2  L  2 


,;  Google 


5l6  FUEL. 

furnace  would  be  restored  to  its  original  state,  inasmuch  as 
the  diredtion  of  the  flow  of  heated  gases  would  not  be 
interfered  with  byunequal  resistance.  To  form  this  chamber, 
the  furnace  must  be  covered  in,  and  fed  through  a  hopper, 
a  plan  long  adopted  at  the  Codner  Park  Iron  Works,  with 
the  supposed  advantage  of  scattering-  the  minerals  around 
the  sides  of  the  furnace,  and  preventing  their  accumulating 
in  the  centre  ;  a  conical  charger  of  this  description,  but  fixed 
in  the  throat  of  the  blast  furnace,  was  in  use  in  the  Cj^arthfa 
Works  more  than  half  a  century  ago,  the  minerals  being 
thrown  by  baskets  to  the  centre  of  the  cone,  and  allowed  to 
roll  dovm  to  the  sides  of  the  furnace,  thus  giving  a  cup  form 
to  the  surface  of  the  minerals,  the  larger  lumps,  of  course, 
rolling  to  the  centre,  and  affording  a  freer  passage  in  that 
diredtion  for  the  upward  current.  It  was  not,  however, 
until  January,  1851,  that  a  trial  was  made  at  the  Ebbw  Iron 
Works,  of  an  apparatus  of  this  description  for  collecting  the 
gases.  It  was  then  supplied  to  one  of  the  old  forms  of 
conical  furnace  with  a  narrow  top,  and  the  trial  proved 
eminently  successful,  the  furnace  producing  any  quantity  ot 
iron  required,  according  to  the  burden,  as  usual.  Several 
other  furnaces  were  similarly  furnished  in  and  around  the 
neighbourhood,  and  it  was  now  thought  that  the  principle 
of  taking  off  the  gases  from  a  chamber  above  the  surface  of 
the  minerals,  together  with  the  conical  mode  of  charing, 
were  the  only  indispensable  conditions  to  success  for  all 
furnaces,  and  some  even  which  were  originally  built  too 
narrow  at  the  mouth,  were  actually  improved  by  the  new 
method  of  charging,  which  did  not  allow  of  the  surfaces  of 
the  minerals  rising  higher  than  about  6  feet  from  the  top, 
thus  giving  to  the  furnace  a  diminished  height,  and,  as  a 
consequence  of  its  conical  shape,  a  wider  mouth.  Further 
experience,  however,  demonstrated  the  fallacy  of  this  general 
conclusion. 

"  A  large  domed  furnace  was  furnished  with  the  same  kind 
of  charging  apparatus  which  had  proved  so  successful  in 
former  instances,  but,  to  the  astonishment  of  all,  it  turned 
out  a  complete  failure,  the  same  derangements  occurring  as 
in  the  former  cases,  where  a  portion  of  the  gas  only  was 
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colle<5ted  by  sinking  a  tube  into  the  throat.  Now,  this  fur- 
nace could  not  be  filled  to  within  6  or  7  feet  of  the  top,  and 
at  that  depth  the  diameter  was  13  feet  6  inches,  owing  to  the 
sharp  sweep  of  the  dome  ;  the  adtual  working  furnace  was, 
therefore,  37  feet  high  instead  of  44  feet,  with  a  mouth  13  feet 
6  inches  instead  of  8  feet,  and  as  the  minerals  cannot  lie  so 
close  against  smdoth  sides  of  the  walls  as  they  do  locked  in 
each  other  in  the  more  central  region  of  the  furnace,  a  much 
freer  discharge  of  the  gases  up  the  sides  must  take  place,  and 
on  boring  a  hole  through  the  side  of  the  furnace  in  the  neigh- 
bourhood of  the  boshes,  it  was  found  that  2  feet  in,  the  coke 
and  other  minerals  were  at  a  white  heat,  but  a  little  further 
on  towards  the  centre  lumps  of  black  blazing  coal  were  found, 
with  ironstone  which  had  not  even  attained  a  red  heat.  The 
charging  apparatus  was  now  raised  with  the  furnace  5  feet, 
and  the  minerals  drawn  up  an  inclined  plane  to  the  charging 
cup,  thus  enabling  it  to  be  kept  full  to  within  a  short  distance 
of  the  old  mouth,  after  which  the  furnace  worked  as  usual. 
That  diminished  height  was  not  the  cause  of  the  bad  working 
of  the  furnace  was  afterwards  proved,  the  furnace  having 
been  blown  out  for  repairs,  and  re-lined  with  brick-work, 
giving  it  that  form  and  proportion  deemed  necessary  from 
the  experience  gained,  the  height  being  now  only  37  feet  in- 
stead of  44,  and  the  diameter  of  the  mouth  7  feet  6  inches, 
or  one-half  of  that  at  the  boshes.  The  same  charging  appa- 
ratus which  failed  before,  mounted  6  feet  above  the  mouth, 
was  used,  and  the  furnace  has  now  (1867)  been  working  un- 
interruptedly for  five  years,  turning  out  as  much  as  160  tons 
of  grey  pig-iron  per  week,  or  when  burdened  for  white  iron, 
200  tons,  economising  the  whole  of  its  gas,  and  as  much 
under  the  control  of  the  manager  as  any  furnace,  either  closed 
top  or  open  top,  can  reasonably  be  expe^ed  to  be.  It  is 
clear,  therefore,  that  the  covering  of  the  top  has  nothing 
whatever  to  do  with  the  adlion  of  a  furnace  kept  full  to  the 
mouth,  and  having  the  proper  form  and  proportions  from  that 
point  downwards.  The  mouth  must  be  understood  to  be 
that  part  of  the  furnace  which  represents  the  mean  height  of 
the  surface  of  the  minerals,  ^and  not  the  top  of  the  masonry, 
and  the  question  arises  what  proportion  should  that  bear  in 
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diameter  to  the  boshes  or  widest  part,  and  what  the  latter 
should  be  with  reference  to  height,  in  order  to  secure  a 
maximum  economical  effei^  on  the  quality  of  the  iron  made 
and  on  the  yield  of  fuel.  This  state  of  perfection  can  exist 
only  when  the  isothermal  lines  in  the  furnace  are  parallel  to 
the  horizon,  the  temperature  of  the  minerals  at  any  given 
height  above  the  tuyeres  being  the  same  through  the  whole 
horizontal  seiftional  area  at  that  height,  and  consequently 
arriving  at  the  zone  of  fusion  in  an  equally  prepared  state.  If 
the  mouth  of  the  furnace  be  too  wide,  the  heated  gases  have 
a  greater  tendency  to  pass  up  the  sides  than  through  the 
centre,  thus  destroying  the  horizontality  of  the  lines  of  equal 
temperature,  and  giving  them  a  curved  form  with  the  convex 
side  downwards.  Hence  ores  at  different  temperatures  and 
of  various  stages  of  preparation,  will  occupy  any  given  hori- 
zontal sedtional  areaof  the  furnace ;  these  descending  together 
and  mixing  in  the  zone  of  fusion  will  produce  evils  in  pro- 
portion to  the  extent  of  the  delle(5tion  of  the  curves  from  a 
horizontal  line.  On  the  contrary,  if  the  mouth  of  the  fur- 
nace be  too  narrow  in  proportion  to  the  other  parts,  we  may 
expei^  an  undue  portion  of  the  gases  to  pass  up  the  centre, 
leavingthe  minerals  around  the  sides  comparatively  unadled 
upon.  It  is  easy  to  see  that  evils  of  the  same  kind  as  before 
must  exist  here,  the  isothermal  lines  now  becoming  concave 
downwards  instead  of  convex,  giving,  as  before,  through  any 
horizontal  sedlion  of  the  furnace,  ores  at  various  tempera- 
tures, and  at  different  degrees  of  deoxidation  and  carburation, 
according  to  the  depth  which  they  may  have  attained  in  the 
furnace.  There  are  several  instances  of  furnaces  originally 
built  with  too  narrow  tops  being  greatly  improved  by  widening 
them.  This  may  conveniently  be  done  by  feeding  them 
through  a  conical  charger,  which,  by  lowering  the  surface 
of  the  minerals,  virtually  increases  the  width  of  the  mouth. 
On  the  other  hand,  furnaces  having  the  opposite  defe€t  of 
being  too  wide  at  the  top  may  be  benefitted  to  some  extent, 
provided  the  walls  are  nearly  perpendicular,  or  do  not  widen 
too  rapidly  downwards,  by  employing  as  large  a  cone  as  it 
is  possible  to  work  in  the  throat ;  for,  by  the  use  of  this  feeder, 
the  minerals  must  fall  close  to  the  sides,  and  the  lai^er  lumps 
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roll  to  the  axis  of  the  furnace,  and  so  facilitate  the  passage 
of  the  gases  in  that  dire<5lion,  besides  giving  to  the  surface  a 
concave  or  cup  form,  and  consequently  a  diminished  height 
and  resistance  to  the  upward  current  in  the  middle.  This 
principle  of  improving  the  charging  of  such  defective  furnaces 
is  even  carried  out  to  some  extent  in  feeding  open  top  fur- 
naces where  the  gases  are  wasted.  The  charging  plate  is 
so  placed  as  to  prevent  the  nose  of  the  barrow  from  pro- 
jeifting  any  distance  into  the  furnace.  The  minerals  being 
thus  discharged  close  to  the  edge,  the  larger  lumps  have  a 
tendency  to  roil  over  towards  the  centre,  leaving  the  smaller 
at  the  ring  walls,  to  check  the  upward  current  in  that  direftion. 
"  The  above  considerations  will  materially  assist  in  fur- 
nishing an  answer  to  the  oft -repeated  and  very  important 
question,  '  What  form  and  proportions  should  a  blast  furnace 
have  to  produce  the  best  results  in  quality  of  iron,  and  in 
economy  of  fuel,  whether  worked  on  the  open  top  principle, 
or  enclosed  for  the  purpose  of  utilising  the  waste  gases  ?' 
Experience  has  proved  that  when  the  mouth  of  the  furnace 
is  one-half  the  diameter  of  the  widest  part,  good  work  is  ob- 
tained, and  that  any  deviation  from  that  proportion,  if  in 
excess,  has  been  productive  of  great  derangement  in  its  aiftion. 
The  height  of  the  furnace  should  also  bear  a  certain  propor- 
tion to  the  greatest  diameter,  in  order  to  secure  an  uniform 
flow  of  the  ascending  current  through  all  its  parts,  for  if  the 
widest  part  bear  too  great  a  relation  to  the  height,  the  boshes 
must  necessarily  be  of  a  low  angle,  and,  consequently,  the 
minerals  around  the  sides  near  their  top  be  at  too  great  a 
distance  out  of  the  diretft  line  of  passage  of  the  ascending 
current,  and  consequently  remain  only  partially  prepared 
for  fusion.  The  proportions  recommended  by  Mr.  Parrj-, 
and  which  have  been  practically  tested,  most  satisfaiftorily 
in  several  instances,  are  as  shown  in  Fig.  96.  The  mouth, 
b',  b',  one-half  the  diameter  of  the  widest  part,  c,  c,  and 
this  should  not  be  at  a  less  depth  than  its  own  diameter. 
The  sides  of  the  furnace  to  this  depth  should  be  formed 
slightly  dome-fashioned,  for  the  purpose  of  giving  to  that 
region  a  larger  capacity  than  would  be  obtained  by  a  conical 
form.     The  radius  of  the  curve  should  be  at  right  angles  to 
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the  axis  of  the  furnace,  and  formed  by  a  prolongation  of  the 
line  representing  the  greatest  diameter.  When  the  radius 
is  set  at  a  great  angle  with  this  line,  which  is  often  done  to 
give  greater  capacity  to  the  domed  part,  the  distortion  pro- 
duced by  the  sharpness  of  the  curve  may  leave  a  segment  of 
the  minerals  unadted  upon  by  the  gases  in  their  passage  to 
the  mouth,  and  entail  greater  evils  than  would  be  compen- 
sated  for  by  increased  capacity.  The  curve  is  continued 
below  the  widest  part  of  the  furnace,  till  it  meets  the  top  of 
the  boshes,  d,  d,  the  angle  of  which  should  not  be  less  than 
70°,  and  start  from  the  point  of  the  tuyeres,  /,  /.    The  depth. 

Fig.  96. 


also,  from  the  widest  part  to  the  tuyeres  should  not  be  less 
than  its  own  diameter,  plus  half  the  diameter  of  the  tuyeres. 
These  proportions  give  a  blast  furnace,  of  any  determinate 
height  fixed  upon,  the  largest  possible  capacity  it  is  capable 
of  receiving,  while  remaining  free  from  any  distortion  of 
form,  likely  to  give  a  place  for  minerals  to  lie  out  of  the  way 
of  the  action  of  the  upward  gaseous  current ;  when  the 
height  exceeds  the  proportion  to  its  greatest  diameter  indi- 
cated in  the  figure,  an  unnecessary  sacrifice  in  its  capacity 
is  the  only  loss  entailed.  The  height  above  the  mouth  must 
be  regulated  by  the  kind  of  hopper  used  for  charging,  where 
it  is  intended  to  carry  off  the  gases. 
"  Doubtless,  when  the  true  principle  of  collecting  these 
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gases  without  injury  to  the  blast  furnace  becomes  more 
generally  known,  attention  will  be  direcfled  to  the  easiest 
and  most  convenientmode of  introducingthe minerals.  The 
conical  charger  has  only  one  disadvantage,  that,  namely, 
of  allowing  a  great  waste  of  gas  during  the  charging ; 
probably  some  kind  of  revolving  hopper  may  be  contrived  to 
remedy  this  defeift.  It  is,  of  course,  assumed  that  the 
furnace  is  supplied  with  a  proper  quantity  of  blast,  and  of  a 
density  proportionable  to  the  diameter  across  the  tuyeres,  so 
as  to  maintain  a  vigorous  combustion  of  the  fuel  to  the  very 
centre  of  the  hearth,  the  top  of  which  is  indicated  by  the 
letters  e,  e,  for  unless  this  is  attained,  a  cold  cone  of  minerals 
will  remain  in  the  centre,  and  produce  derangements  which 
no  degree  of  perfet^tion  in  the  form  of  the  furnace  in  the 
higher  region  can  remove." 

Wherever  the  space  will  allow  it,  the  waste  gases  are 
utilised  at  the  level,  or  above  the  furnace  mouth,  as  is  the 
case  in  many  charcoal  furnaces.  The  head  of  most  large 
coke  furnaces,  however,  is  not  surrounded  with  a  platform 
sufficiently  large  to  contain  boilers  and  hot  air  ovens,  the  gases 
are  therefore  conducted  to  the  sole  of  the  furnace  and  here 
utilised  ;  this  also  takes  place  in  cases  where  the  gases  are 
utilised  in  heating  the  blast,  intending  at  the  same  time  to  use 
blast  pipes  of  the  shortest  possible  length,  in  order  to  avoid 
loss  in  power.  For  the  latter  reason,  the  hot  blast  apparatus 
in  Vordemberg,  which  was  formerly  placed  at  the  level  of 
the  furnace  head,  has  been  removed  to  the  sole  of  the  furnace, 
and  the  gain  in  power  is  so  considerable  that  the  blast  now 
produced  more  easily  suffices  for  four  tuyeres  than  it 
formerly  did  for  three,  whilst  all  the  conditions  of  the  blast 
engines  were,  in  both  cases,  the  same. 

The  draught  required  for  condutfting  the  gases  downward 
to  the  floor  of  the  furnace  must  be  induced  by  means,  of 
large  chimneys,  which  must  increase  in  height  in  proportion 
with  the  distance  to  which  the  gases  have  to  be  conducted. 

The  apparatus  in  which  the  gases  are  used  as  fuel  are 
frequently  provided  with  separate  grates,  allowing  the  appli- 
cation of  compadt  fuel;  these  grates  are  used  when  the 
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waste  gases,  for  some  reason  or  another,  are  insufficient 
either  in  quantity  or  quality. 

In  burning  the  gases,  care  must  be  taken  to  prevent  ex- 
plosions, which  are  very  likely  to  occur  when  the  gases 
become  mixed  with  atmospheric  air ;  the  lid  of  a  furnace 
must  not  be  suddenly  closed  after  the  charging  has  taken 
place,  as  by  this  means  air  is  liable  to  be  pressed  into  the 
gas  channels ;  the  gases  must,  furthermore,  be  ignited  as 
soon  as  they  enter  the  space  to  be  heated.  If  this  ignition 
does  not  take  place  spontaneously,  some  fire  is  to  be  kept 
for  the  purpose  on  the  grate. 

The  gases  are  burnt  either  by  means  of  air  draught  or  by 
blast.  The  latter  is  employed  in  hot  blast  apparatus  at 
Thiei^arten,*  in  Baden,  where  the  precaution  is  taken  to 
obstruct  the  escape  of  the  gases  from  the  apparatus  by  a 
sliding  valve,  so  as  to  impart  to  them  a  certain  pressure  ;  in 
ascending  in  the  blast  furnace  the  gases  are  thus  obliged  to 
pass  into  all  empty  spaces,  which  promotes  their  uniform 
ascent,  and  equalises  the  reduction  of  the  ores. 

When  air  draught  is  employed  for  burning  the  gases,  the 
air  is  introduced  either  by  means  of  channels,  or  the  gases 
are  conducted  across  a  grate,  which  admits  the  air  required  ; 
the  admission  of  the  air  is  regulated  by  the  ash  lying  on  the 
grate.  More  complicated  contrivances  are,  frequently,  not 
more  effedlual  than  the  simple  grate.  At  Vordemberg,  where 
the  gases  pass  across  the  grate  with  low  pressure,  the  steam 
is  first  produced  by  heating  with  wood  or  brown  coal,  when 
the  gases  are  employed  for  heating  boilers ;  when  they  are 
used  for  heating  hot  air  ovens,  a  small  fire  for  a  few  hours 
at  the  commencement  is  sufficient  to  produce  the  draught 
which  is  required  for  the  avoidance  of  explosions,  and  also 
for  the  re<ignition  of  the  gases  which,  in  the  first  period,  are 
very  liable  to  become  extinguished. 

One  disadvantage  of  the  employment  of  the  waste  gases 
is  the  interruption  to  which  the  current  of  gas  is  subjected ; 
these  interruptions  are  caused  by  the  charging  of  the  furnace, 
by  the  insertion  of  new  tuyeres  into  the  furnace,  &c.,  and  if 

Bericht  fiber  die  ente  allgetneioe  Versaninilang  von  Berg-  uod  HiJtten- 
in  Wien,  iSjg,  p.  70. 
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they  are  prolonged,  combustion  has  to  be  sustained  by  the 
aid  of  other  kinds  of  fuel. 

In  working  ores  containing  zinc,  the  gas  channels  are 
frequently  obstnii^ed  by  an  accumulatioD  of  oxide  of  zinc, 
and  the  evaporated  substances  contained  in  the  waste  gases 
(lesa  50  in  the  generator  gases)  coat  the  apparatus  to  be 
heated,  or  narrow  the  gas  channels,  causing  the  current  of 
gas  to  become  irregular,  and  necessitating  a  more  frequent 
cleaning  of  the  gas  tubes.  In  order  to  liberate  the  gases 
from  such  substances,  and  in  cases  where  they  are  condudled 
down  to  the  sole  of  the  furnace,  special  masking  apparatus 
have  lately  been  frequently  employed,  and  their  purifying 
and  cooling  efTeA  has  brought  the  use  of  the  gases  to  con- 
siderable perfedtion. 

V^ashing  Apparatus. — The  following  examples  show  the 
construftion  of  these  apparatus  :— 

The  gases  in  the  iron  works  at  Gaya,*  in  Moravia,  are 
colledted  in  an  annular  space  6  inches  wide,  formed  by  a 
cylinder  with  which  the  furnace  throat  is  provided  ;  through 
a  channel  in  the  furnace  walling,  the  gases  enter  a  tube, 
which,  some  feet  deeper,  is  divided  into  two  smaller  pipes. 

Fig.  97. 


which  at  a  (Fig.  97)  conduift  the  gases  into  the  reservoir,  b, 
of  iron  plate,  and  standing  on  the  sole  of  the  furnace.  The 
reservoir  below  is  open,  and  rests  on  four  iron  feet,  c,  upon 

*  B.  u.  b.  Zig.,  iSSo.  p.  148. 
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the  bottom  of  the  wooden  vessel,  d,  which  is  partially  filled 
with  water.  The  gases  entering  the  reservoir,  b,  cool  and 
purify  above  the  water,  and  they  issue  through  the  tubes,  e 
and/,  which  are  provided  with  sliding  valves.    The  tube,  f, 

Fig.  98. 


is  connected  with  the  hot  air  apparatus,  and  the  tube,  /,  con- 
dudls  the  gases  to  three  boilers,  by  means  of  three  branch 
tubes,  one  for  each  boiler ;  these  branch  pipes  are  provided 
with  sliding  valves ;  after  the  gases  have  been  burnt,  they 
escape  into  a  chimney  90  feet  high. 
The  apparatus  represented  in  Figs.  98  and  99  is  advan- 
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tageously  used  at  Vordembei^.*  The  gases  are  colleAed 
from  the  blast  furnace  by  means  of  an  iron  cylinder  hanging 
in  the  furnace  mouth,  and  are  condui5led  to  the  sole  of  the 
furnace  by  means  of  the  tube,  a,  where  they  enter  the  reser- 
voir, b,  which  stands  in  the  vessel,  c.  The  gases  issue  again 
through  the  tube,  d.  The  safety  valves,  e,  are  chiefly  used 
for  cleaning  the  apparatus,  and  are  less  intended  to  give 
security  against  explosions,  as  these  may  be  prevented  by  a 
careful  treatment.  The  furnace  dust  collecting  in  the  vessel,  c, 
is  removed  from  time  to  time. 
A  somewhat  more  simple  apparatus  is  shown  in  Fig.  100. 


a  is  the  gas  tube  condui5ting  the  waste  gases  into  the  reser- 
voir, b;  c  is  A  vessel  containing  water  ;  d  is  the  tube  for  con- 
ducing the  gases  to  their  place  of  combustion  ;  e  is  a  safety 
valve. 

A  very  effective  contrivance,  shown  in  Fig  loi,  and  which 
is  also  applied  in  the  iron  works  at  Vordemberg,  consists  in 
an  arrangement  by  which  the  gases  are  conduifted  through 
the  pipes,  a  and  b,  and  made  to  circulate  in  the  vessels,  c 
and  d,  whence  they  issue  through  the  tube,  e. 

Examples  of  the  Utilisation  of  the  Waste  Gases. 

The  blast  furnace  at  the  Quint,t  near  Trier,  contains  sus- 
pended on  its  throat,  a  cylinder  6  feet  high  and  5  feet  wide, 

*  Rittinobk's  ErfahruDgen,  1858,  p.  31. 
t  B-ln.  h.  ZIg.,  iSjS,  p.  234. 
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made  of  iron  plate  J-  inch  thick.    The  gases  colleft  in  the 
space  between  the  cylinder  and  the  furnace  walling,  which 

Fig.  ioi. 


is  9  inches  wide,  and  are  conduifted  into  a  cast-iron  reservoir 
through  a  tube  27  inches  broad  and  18  inches  high ;  two 
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tubes  of  sheet-iron,  i8  inches  in  diameter,  condudl  the  gases 
from  the  reservoir  to  the  sole  of  the  building  which  contains 
the  boilers,  and  which  lies  12  feet  deeper  than  the  reservoir. 
Each  of  these  tubes  enters  into  a  walled-up  channel,  a 
(Fig.  102),  the  top  of  which  is  covered  with  iron  plates ; 
sand  is  thrown  on  the  plates  to  keep  them  tight.  From  the 
channel,  the  gases  enter  the  reservoir,  b,  which  is  made  of 
cast-iron  plates,  screwed  together ;  that  plate  of  the  reservoir 
facing  the  boiler  contains,  in  three  rows,  about  thirty 
tuyeres,  c,  6  inches  long,  which  pass  through  openings  in 
the  plate,  d ;  for  the  admission  of  the  air  of  combustion,  the 
openings,  e,  are  notched  somewhat  larger,  leaving  an  open 
space  round  the  tuyeres.  A  sheet-iron  chimney,  70  feet 
high,  produces  the  draught  required.  The  gases  bum  in  the 
fire-tube,  /. 

More  simple  than  this  arrangement  for  combustion  are 
those  methods  in  which  the  gas  is  condudted  across  a  grate 
containing  some  burning  fuel ;  these  methods  are  employed 
atGeislautem,*  at  Friednchs  WilhelmshUtte,!  in  Mtlhlheim 
on  the  Ruhr,  at  Vordembcrg,!:  &;c. 

The  blast  furnaces  at  Vordemberg,  producing  weekly 
2000  and  3000  cwts.  of  pig-iron  respedtively,  yield  a  larger 
quantity  of  waste  gases  than  is  sufficient  for  heating  the 
blast  and  boilers  and  for  roasting  the  ores.  Cylinders  of 
iron  plates,  30  inches  wide  and  6^  feet  high,  are  suspended 
in  the  furnaces,  and  the  gases  are  drawn  off  18  inches  below 
the  furnace  mouth,  and  conduced  to  the  sole  of  the  furnace 
through  tubes  18  inches  wide;  the  furnace  mouth  is  not 
otherwise  closed.  Before  being  condudted  to  their  places  of 
combustion,  the  gases  are  made  to  pass  through  washing 
apparatus,  as  shown  on  page  524,  in  Figs,  98 — 100,  their 
surface  of  water  comprising  12  square  feet. 

The  hot  blast  apparatus]]  is  heated  in  the  following 
manner,  as  shown  in  Figs.  103  and  104.  The  purified  gases 
are  condudted  into  the  cast-iron  box,  a,  and  hence  into  the 
fire-place  above  the  grate,  c,  through  the  slit-like  opening,  b ; 

•  B.  u.  h.  Zlg.,  1858.  p.  135. 

t  Oeaterr.  Zttchr..  1855,  No.  51.     B.  u.  h,  2tg.,  1856,  p.  90, 
I  Kittinoer's  Erfahningen,  185S,  p.  31. 
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at  the  commencement  of  an  operation,  some  burning  coals 
are  thrown  on  the  grate.    The  sliding  door  in  d  is  gradually 

FiQ.  103. 


Fig.  104. 


opened,  but  not  before  the  gases,  at  this  place,  become 
clearly  perceptible  by  the  smell ;  they  first  enter  in  a  small 
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quantity,  and  ignite  at  once.  The  air  of  combustion  enters 
the  closed  doors,  e,  otherwise  used  for  cleaning  the  ap- 
paratus, and  the  draught  required  is  induced  by  a  chimney 
72  feet  high.  No  apprehension  need  be  felt  lest  the  strong 
draught  should  draw  too  many  gases  from  the  furnace,  as 
the  current  of  gas  may  be  regulated  at  will ;  /represents  the 
hot  blast  apparatus. 

At  Thiergarten,"  in  Baden,  the  waste  gases  are  burnt  by 
means  of  hot  blast.  The  gases  are  colletled  8  or  9  feet  helow 
the  furnace  mouth,  and  conducted  into  a  cast-iron  reservoir,  a, 
shown  in  Fig.  105,  hence  the  gases  pass  through  the  slit,  b, 

FiQ.  105, 


and  are  mixed  with  hot  blast  in  the  chamber,  c ;  the  hot 
blast  is  condutfted  into  the  reservoir,  d,  from  which  it  issues 
through  the  tuyeres,  e.  After  having  heated  the  blast  pipes,/, 
the  burnt  gases  escape  at  the  back  of  the  apparatus,  passing 
partly  into  a  chimney,  and  partly  into  ovens  for  diying 
wood. 

Various  examples  of  the  utilisation  of  the  waste  gases,  as 
well  as  the  instructive  experiments  made  by  Thomas  and 
Laurens  concerning  the  collection,  washing,  and  burning  of 
the  waste  gases,  are  communicated  in  Peclet,  die  An- 
wendung  der  Wiirme,  deutsch  von  Hartmann,  i860,  Bd.  i., 
p.  235. 

*  BeKcht    uber  die  enle    allgem.  VeraammlanK  von    Berg-und   Hullen- 

Wien,  1859,  p.  67. 
VOL.  III.  2   M 
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We  have  before  observed,  that  the  application  of  the  waste 
gases  as  fuel  has  led  to  the  conversion  of  compact  fuel  into 
gases,  that  is,  those  kinds  of  compaift  fuel  which,  owing  to 
their  richness  in  ash,  state  of  aggregation,  &c.,  do  not  admit 
of  a  diretfl  application,  whilst  the  gases  produced  from  them, 
on  a  judicious  combustion,  yield  the  desired  effeft. 

Sometimes,  also,  it  is  most  advantageous  to  utilise  good 
kinds  of  compaifl  fuel  in  this  manner,  as  they  then  yield  a 
heating  power  which  nearly  approaches  that  of  the  theo- 
retical calculation. 

In  countries  where  mineral  coal  does  not  abound,  or  is  too 
expensive,  the  only  rational  way  of  carrying  on  metallurgical 
operations  is  by  means  of  artificially-produced  gas. 

Produdlion  of  the  Gases.— The  conversion  of  the  com- 
paA  fuel  into  gas  is  efFedled  in  a  kind  of  small  shaft  furnace 
(gas  generators),  which  is  partially  filled  with  the  compadt 
fuel.  Air  is  condu<£ted  into  the  lower  part  of  the  generator 
by  means  of  draught  or  blast,  thus  producing  carbonic  acid 
and  carbonic  oxide  in  variable  proportions,  according  to  the 
compadtnessofthe  fuel,  pressure  of  the  air  of  combustion,  &c. 
The  ascent  of  the  gases  through  the  upper  layers  of  heated 
fuel,  the  thickness  of  which  varies  according  to  the  quality 
and  size  of  the  fuel,  transforms  the  carbonic  acid  into  car- 
bonic oxide.t  which  is  condu<5led  in  a  suitable  manner  from 
the  upper  part  of  the  generator  into  a  fire-place,  where  it  is 
burnt  either  by  means  of  hot  or  cold  draught  or  blast.  The 
carbonic  oxide  gas  thus  produced  is  rendered  impure  by  the 
nitrogen  of  the  air  of  combustion,  and  contains  more  or  less 

*  Literatut  uber  Benutzung  der  za  meullurgischen  und  lechnlscben 
Zweckcn  lelbstst&ndig  erzeugtcD  Gau  in  Zbkrbnnbr's  met.  Qasfeuernng: 
Wieti,  1856.  Harthahk,  Qb«r  den  Eiatn-  Kapfer.  Ziiik-  and  Bleihattenbetricb 
mit  brennbaren  Oasen,  Heft  i — 3, 1844,  1345,  '^5°-  Bischof,  ii.,  die  indireAe 
Nutzung  der  rohen  Brennmaterialien :  Quedlinbuii;,  1S58.  Lb  Play,  Orund- 
BaEze  :  Freiberg,  1S54.  Lah,  in  B.  u.  h.  Ztg.,  1837,  p.  15.  Grunsr,  In 
B.  u.  h.  Zig.,  1857,  p.  33.  Thoua,  in  B.  u.  Ii.  Ztg.,  1S51,  p.  I ;  1857,  p.  IJ. 
Pbclbt,  Anwendung  derWartne,  deatedi  v.  Hartmahh,  1860,  Bd.  i.  p.  155. 

t  Erdm.,  J.  f.  pr.  Ch^  1v.,  399;  lviii.,483.    Pbclbt,  c. i.,  p.  180. 
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carburetted  hydrogen  and  hydrogen,  owing  to  a  dry  distilla- 
tion  which  takes  place  in  the  upper  layers  of  the  fuel,  or  to 
the  decomposing  readtion  of  the  watery  vapours  formed. 
The  gases  are  more  frequently  drawn  off  from  above  than 
from  below. 

Composition  of  the  Generator  Gases. — The  composition 
trf  the  generator  gases  varies  according  to  the  quality  of  the 
material  employed,  and  their  larger  or  smaller  proportion  of 
carbonic  acid  depends  chiefiy  on  the  compactness  and  state 
of  division  of  the  fuel,  as  well  as  on  the  thickness  of  the 
layer  of  fuel  in  the  generator,  and  the  depth  from  which 
the  gases  are  drawn  off.  V/Tien  intending  to  convert  the 
carbonic  acid  into  carbonic  oxide  as  perfeftly  as  possible, 
the  thickness  of  the  layer  of  fuel  must  amount  at  least  to 
from  2  to  4  feet,  and  this  conversion  is  mainly  influenced  by 
the  compactness  of  the  fuel,  and  the  size  of  the  pieces ;  it  is 
likewise  promoted  by  offering  a  large  surface  to  the  ascending 
acid.  Supposing  that  the  perfeA  conversion  of  carbonic 
acid  into  oxide  required  a  thick  layer  of  burning  coal,  the 
first  generators  were  construfted  too  high ;  Ebelmen's 
analyses  have  proved  that  a  height  of  i  foot  is  sufficient, 
even  at  a  low  pressure  of  the  blast,  and  especially  when  hot 
air  is  employed.  Thomas  and  Laurens  state  that  coke  and 
mineral  coal  require  greater  heights,  up  to  3  metres.* 

Scheerer  asserts  that  the  generator  gases,  by  weight,  have 
the  following  composition  and  theoretical  heating  power : — 

Wood.  Peat.       Charcoal.      Coke. 

Nitrogen    .     .  53'2  55'5  63-1  64-9  64*8 

Carbonic  oxide  34*5  ai"2  22*4  34-1  33-8 

Carbonic  acid .  ii'6  22'o  i4'o  o'8  1*3 

Hydrogen  .     .  07  i'3  0*5  0*2  o-i 

Total.    .    .  loo'o      loo'o      loo'o      loo'o      loo'o 

Absolute  heating  power  0*095  0-084  0-063  o'ojg  0-075 

Specific  „  „  0-000124  0-000109  0-00008]  O'oooi03  0-000098 
I^metric  „        „        isas'C.      ii6j°C.     1070°  C.      1160°  C,      1240*0. 
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The  heating  power  of  the  gases  increases  with  their  tem- 
perature and  richness  in  carbonic  oxide,  with  the  dryness  of 
the  fuel  employed,  with  the  proportion  of  carbon  contained 
in  the  fuel,  and  with  the  temperature  of  the  air  of  combus- 
tion.  These  circumstances  admit  of  the  produ<!tion  of 
temperatures  sufficiently  high  to  puddle  and  re-heat  iron. 

According  to  Tunner,*  the  gases  produced  from  brown 
coal,  when  without  any  pressure,  produce  a  theoretical 
heating  power  up  to  2600°  C. 

In  burning  carbon  to  carbonic  acid  (page  336)  a  tempera- 
ture of  2458°  C.  is  produced,  which,  however,  decreases  by 
about  1200°  C.  in  converting  the  carbonic  acid  into  oxide  ; 
the  firing  with  gaseous  fuel  necessitates,  therefore,  under  all 
circumstances,  a  great  sacrifice  of  .temperature  (absolute 
heating  power).  This  sacrifice  must  be  made  in  all  cases 
where  the  produflion  of  a  high  temperature  is  intended 
(pyrotechnic  effedl),  and  where  the  material  employed  does  not 
admit  of  a  direift  combustion  to  carbonic  oxide.  Firing  with 
gas  is,  therefore,  less  advantageous  when  the  objeCl  is  to  pro- 
duce large  quantities  of  heat,  more  than  high  temperatures.t 

Mr.  C.  W.  Siemens  has  made  the  following  statements 
with  regard  to  his  regenerative  gas  furnaces : — 

"  The  regenerative  gas  furnace  consists  of  two  essential 
parts. 

"  The  gas  producer,  in  which  the  coal  or  other  fuel  used, 
is  converted  into  a  combustible  gas,  and 

"  The  furnace,  with  its  '  regenerators,'  or  chambers  for 
storing  the  waste  heat  of  the  fiame,  and  giving  it  up  to  the 
in-coming  air  and  gas. 

"  Any  combustible  gas  might  be  burned'  in  the  regenera- 
tive furnace.  I  have  used  ordinary  lighting  gas  very  success- 
fully, on  a  small  laboratory  scale,  but  it  is  far  too  costly  to 
be  employed  in  larger  furnaces,  and  the  only  gas  generally 
available,  is  that  generated  by  the  complete  volatilisation  of 
coal,  wood,  or  other  fuel,  with  admission  of  air,  in  a  special 
'  gas  producer.'     Any  description  of  carbonaceous  matter 

*  Oetten.  Zuchr,  iSjg,  No.  13. 

i  Ibid.,  iBs9,  pp.  6],  jfij.    B.  Q.  h.  Ztg.,  1859,  p.  410. 
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may  be  worked  in  a  suitable  gas  producer,  and  will  afford 
gas  sufficiently  good  for  the  supply  of  even  those  furnaces 
in  which  the  highest  heat  is  required.  Coal  is  the  fuel 
chiefly  used  for  gaa  furnaces  in  England ;  small  coke  has 
been  employed  in  some  cases,  as  in  gas  works,  where  it  is  to 
be  had  at  a  cheap  rate  ;  wood  is  used  in  France,  Bohemia, 
and  Spain  ;  sawdust  in  Sweden,  furnishing  gases  for  welding 
and  other  high  heat  furnaces ;  lignite  in  various  parts  of 
Germany;  and  peat  in  Italy  and  elsewhere;  this  last  being 
applicable  with  the  greatest  relative  advantage." 

Siemens's  gas  producer  or  generator  is  shown  in  Fig.  245 
of  our  second  volume  (page  794)- 

"  Air  is  admitted  at  the  grate,  and  as  it  rises  slowly  through 
the  ignited  mass,  the  carbonic  acid,  first  formed  by  the  com- 
bination of  the  oxygen  with  the  carbon  of  the  fuel,  takes  up 
an  additional  equivalent  of  carbon,  forming  carbonic  oxide, 
which,  diluted  by  the  inert  nitrogen  of  the  air  and  by  a  little 
unreduced  carbonic  acid,  and  mixed  with  the  gases  and 
vapours  distilled  from  the  raw  fuel  during  its  gradual  descent 
towards  the  grate,  is  led  off  by  the  gas  flue  to  the  furnace. 
The  ashes  and  clinkers  that  accumulate  on  the  grate  are 
removed  at  intervals  of  one  or  two  days. 

"  The  composition  of  the  gases  varies  with  the  nature  of 
the  fuel  used,  and  the  management  of  the  gas  producer. 
That  of  the  gas  from  the  producers  at  the  Plate  Glass  Works, 
St.  Gobain,  France,  burning  a  mixture  of  three  quarters 
caking  coal  and  one  quarter  non-caking  coal,  is  as  follows, 
by  an  analysis  dated  July,  1865  : — 

Volamei. 

Carbonic  oxide 237 

Hydrogen 8*o 

Carburetted  hydrogen 2'2 

Carbonic  acid 4*1 

Nitrogen 61 '5 

Oxygen 0-4 

99'9 
The  trace  of  oxygen  present  is,  no  doubt,  due  to  careless- 
ness in  coIle<5ting  the  gas,  or  to  the  leakage  of  air  into  the  flue, 
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and,  allowing  for  this,  the  correifled  analysis  will  stand  as 

under : — 

Voinmea. 

Carbonic  oxide 24' z| 

Hydrogen 8"2t  34-6 

Carburetted  hydrogen     ....      2'zJ 
Carbonic  acid 


Nitrogen 61  "21 


65-4 


lOO'O 

Only  the  first  three  of  these  constituents,  say  35  per  cent  of 
the  whole,  are  of  any  use  as  fuel,  the  nitrogen  and  carbonic 
acid  present  only  diluting  the  gas.  It  is  the  large  proportion 
of  inert  gases  which  must  be  heated  to  the  full  temperature 
of  the  flame,  that  renders  it  so  difficult  to  maintain  a  high 
heat  by  gas  of  this  description  burnt  in  the  ordinary  way. 
In  using  such  gas  in  a  regenerative  furnace,  the  presence  of 
80  laige  an  amount  of  nitrogen  is  not  objedtionable,  as  the 
heat  it  carries  off  is  given  up  again  to  the  air  and  gas 
coming  in, 

"  The  gas,  as  it  passes  off  from  the  fuel,  contains  also  more 
or  less  aqueous  vapour,  which  is  got  rid  of  by  cooling  it,  with 
some  tar  and  other  impurities,  and  a  small  quantity  of  sus- 
pended soot  and  dust, 

"  Any  unburnt  air  drawn  in  through  a  hole  in  the  mass 
of  fuel  reduces  the  value  of  the  gas  by  burning  the  carbonic 
oxide  again  to  carbonic  acid.  To  prevent  the  in-draught 
of  air  in  this  way  at  the  side  of  the  grate,  I  have  found  it 
very  advantageous  to  set  the  side  walls  of  the  gas  producer 
back,  forming  a  broad  step  about  9  or  10  inches  above  the 
grate  ;  any  air  creeping  up  along  the  wall  is  thus  thrown 
into  the  mass  of  fuel  and  completely  burnt.  The  effeCl  of 
this  feature  in  the  form  of  the  producer  on  the  quality  of  the 
gas  has  been  very  striking, 

"  Three-tenths  of  the  total  heat  of  combustion  Of  solid 
carbon  are  evolved  in  burning  it  to  carbonic  oxide ;  but  in 
the  gas  producer  a  small  portion  only  of  this  heat  is  really 
lost,  because  it  is  in  a  great  measure  taken  up  and  utilised 
in  distilling  the  tar  and  hydrocarbon  gases  from  the  raw  fuel, 
and  it  may  be  still  further  economised,  especially  tn  burning 
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such  a  fuel  as  coke  or  anthracite,  which  contains  little  or  no 
volatile  matter,  by  introducing  a  regulated  supply  of  steam 
with  the  air  entering  at  the  grate.  This  is  effefted  very 
simply  by  keeping  the  ash-pit  always  wet.  The  steam  is 
decomposed  by  the  ignited  coke,  and  its  constituents,  hydro- 
gen and  oxygen,  are  re-arranged  as  a  mixture  of  hydrogen 
and  carbonic  oxide,  with  a  small  variable  proportion  of  car- 
bonic acid.  Each  cubic  foot  of  steam  produces  nearly  two 
cubic  feet  of  the  mixed  gases,  which,  being  free  from  nitrogen, 
have  great  heating  power,  and  form  a  valuable  addition  to 
the  gas.  The  proportion  of  steam  that  can  be  advantageously 
introduced  into  the  gas  producer  is,  however,  limited,  as  it 
tends  to  cool  the  fire,  and  if  this  is  at  too  low  a  heat,  much 
carbonic  acid  is  produced  instead  of  carbonic  oxide,  causing 
waste  of  fuel. 

"  From  the  high  temperature  of  the  gas  as  it  rises  from 
the  fuel  (looo"  F.  to  1300°  F.),  and  from  its  comparatively 
low  specific  gravity,  it  is  considerably  lighter'  than  atmo- 
spheric air,  and  ascends  into  the  upper  part  of  the  producer 
with  a  slight  outward  pressure.  It  is  necessary  to  maintain 
this  pressure  through  the  whole  length  of  the  gas  ilue,  in 
order  to  ensure  a  free  supply  of  gas  to  the  furnaces,  and  to 
prevent  its  deterioration  in  the  flue  through  the  in-draught 
of  air  at  crevices  in  the  brick-work.  The  slight  loss  of  gas 
by  leakage,  which  results  from  a  pressure  in  the  flue,  is  of 
no  moment,  as  it  ceases  entirely  in  the  course  of  a  day  or 
two,  when  the  crevices  become  closed  by  tar  and  soot. 

"  Where  the  furnace  stands  so  much  higher  than  the  gas 
producer  that  the  flue  may  be  made  to  rise  considerably,  the 
required  plenum  of  pressure  is  at  once  obtained ;  but  more 
frequently  the  furnaces  and  gas  producers  are  placed  nearly 
on  the  same  level,  and  some  special  arrangement  is  neces- 
sary to  maintain  the  pressure  in  the  fiue.  The  most  simple 
contrivance  for  this  purpose  is  the  '  elevated  cooling  tube.' 
The  hot  gas  is  carried  up  by  a  brick  stack  to  a  height  of  S  or 
10  feet  above  the  top  of  the  gas  producer,  and  is  led  through 
a  horizontal  sheet -iron  cooling  tube,  of  no  less  than  60  square 
feet  of  surface  per  gas  producer,  from  which  it  passes  down 
either  diretfUy  to  thefumace,  or  into  an  underground  brick  flue. 
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"  The  gas  rising  from  the  producer,  at  a  temperature  of 
about  iioo"  F.,  is  cooled  as  it  passes  along  the  overhead  tube, 
and  the  descendingcolumn  is  consequently  denser  and  heavier 
than  the  ascending  column  of  the  same  length,  and  continu- 
ally overbalances  it.  The  system  forms,  in  faft,  a  syphon,  in 
which  the  two  limbs  are  of  equal  length,  but  the  one  is  filled 
with  a  heavier  fluid  than  the  other.  The  height  of  the  cooling 
tube  required  to  produce  as  great  a  pressure  in  the  flue  as 
would  be  obtained  by  placing  the  gas  producers,  say  ten  feet 
deeper  in  the  ground,  may  be  readily  calculated.  The  tem- 
perature of  the  gas  as  it  rises  from  the  producers  has  been 
taken  as  lioo°  F.,  and  we  may  assume  that  it  is  cOoIed  in  the 
overhead  tube  to  ioo°  F.,  an  extent  of  cooling  very  easily 
attained.  The  calculated  specific  gravity,  referred  to  hydro- 
gen, of  the  gas  of  which  I  have  quoted  the  analyses,  being 
I3'i4,  we  obtain  the  following  data  : — 

lb. 
Weight  of  the  gas  per  cubic  foot  at  1100°  F.  =  o'o22 
,,  „  ,,  100°  F.  =  o*o6i 

,,  atmospheric  air  per  cubic  foot  at  60°  F.  =  0'076 
and  from  these  we  have,  on  the  one  hand,  the  increase  of 
pressure  per  foot  of  height,  in  a  flue  rising  direftly  from  the 
gas  producer — 

^^  0'076  —  o"022  =  0'054  lb.  per  square  foot ; 
and,  on  the  other  hand,  the  excess  of  pressure  at  the  foot  of 
the  downtake  from  the  cooling  tube,  over  that  at  the  same 
level  in  the  flue  leading  up  from  the  gas  producer  (for  each 
foot  in  height  of  the  cooling  tube) — 

=  o"o6i  —  o*02Z  =  0"039  lb.  per  square  foot. 
The  height  of  the  cooling  tube  above  the  level  of  the  flue 
that  will  be  sufficient  to  produce  the  required  pressure,  equal 
to  10  feet  of  heated  gas  column,  is  therefore — 

^  X  10  feet  =  13  feet  10  inches,  or,  say  14  feet. 
"  This  method  of  obtaining  a  pressure  in  the  gas-flue  by 
cooling  the  gas  has  been  objedled  to,  as  throwing  away  heat 
that  might  be  employed  to  more  advantage  in  the  furnace ; 
but  this  is  not  the  case,  because  the  aiflion  of  a  regenerator 
is  such  that  the  initial  temperature  of  the  gases  to  be  heated 
has  no  effeift  on  the  final  temperature,  and  only  renders  the 
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cooling  of  the  hotter  fluid  more  or  less  complete.  The  only 
result,  therefore,  of  working  the  furnace  with  gas  of  high 
temperature,  is  to  increase  the  heat  of  the  waste  gases  passing 
off  by  the  chimney  flue.  The  complete  cooling  of  the  gas 
results,  on  the  other  hand,  in  the  great  advantage  of  con- 
densing the  steam  that  it  always  carries  with  it  from  the  gas 
producer,  and  in  the  case  of  iron  and  steel  furnaces,  in 
burning  wet  fuel,  it  is  absolutely  necessary  to  cool  the  gas 
very  thoroughly  in  order  to  get  rid  of  the  large  amount  of 
steam  that  it  contains,  which,  if  allowed  to  pass  on  to  the 
furnace,  would  oxidise  the  metal. 

"  There  is,  undoubtedly,  a  certain  waste  of  heat  which 
might  be  utilised  by  surrounding  the  cooling  tube  with  a 
boiler,  or  by  otherwise  economising  the  heat  It  gives  off,  as, 
for  instance,  in  drying  the  fuel;  but  the  saving  to  be  effected 
is  not  very  great,  for  as  loo  volumes  of  the  gas  require  for 
combustion  about  130  volumes  of  air,  including  20  per  cent 
above  that  theoretically  required,  the  heat  given  off  in  cooling 
1000°  is  no  more  than  would  be  lost  in  discharging  the  pro- 
dudts  of  the  complete  combustion  of  the  fuel,  at  a  tempera-i 
ture  435°  in  excess  of  the  a(5tual  temperature  of  200°,  and  this 
loss  is  greatly  diminished  if  a  richer  gas  is  obtained. 

"  In  eredting  a  number  of  gas  producers  and  furnaces,  I 
generally  prefer  to  group  the  producers  together,  leading  the 
gas  from  all  into  one  main  flue,  from  which  the  several  fur- 
naces draw  their  supplies.  The  advantages  of  this  are — 
saving  of  labour  and  convenience  of  management,  from  the 
gas  producers  being  all  close  together,  and  greater  regularity 
in  working,  as  the  furnaces  are  seldom  all  shut  off  at  once ; 
Dor  is  it  likely  that  they  will  require  at  the  same  time  an 
exceptional  amount  of  gas. 

"  From  the  faft  that  the  gas  producers  maybe  at  any  dis- 
tance from  the  furnaces  which  they  supply,  if  they  are  only 
at  a  lower  level,  it  would  be  perfectly  practicable  to  eredt 
them  in  the  coal  mine  itself,  burning  the  slack  and  waste 
coal  in  situ  (in  place  of  leaving  it  in  the  workings,  as  is  now 
often  done),  and  distributing  the  gas  by  culverts  to  the  works 
in  the  neighbourhood,  instead  of  carrying  the  coal  to  the 
different  works,  and  establishing  special  coal  producers  at 
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each.  In  rising  to  the  mouth  of  the  pit,  the  gas  would 
acquire  sufficient  pressure  to  send  it  through  several  miles 
of  culvert. 

"  In  the  regenerative  furnace,  the  gas  and  air  employed 
are  separately  heated  by  the  waste  heat  of  the  flame,  by 
means  of  what  are  termed  '  regenerators,'  placed  beneath  the 
furnace.  These  are  four  chambers,  filled  with  fire  bricks, 
stacked  loosely  together,  so  as  to  expose  as  much  surface  as 
possible  ;  the  waste  gases  from  the  flame  are  drawn  down 
through  two  of  the  regenerators,  and  heating  the  upper  rows 
of  bricks  to  a  temperature  little  short  of  that  in  the  furnace 
itself,  pass  successively  over  cooler  and  cooler  surfaces,  and 
escape  at  length  to  the  chimney  flue,  nearly  cold.  The 
current  of  hot  gases  is  continued  down  through  these  two 
regenerators  until  a  considerable  depth  of  brickwork,  near 
the  top,  is  uniformly  heated  to  a  temperature  nearly  equal 
to  that  of  the  entering  gases,  the  heat  of  the  lower  portion 
decreasing  gradually  downwards,  at  a  rate  depending  on  the 
velocity  of  the  current  and  the  size  and  arrangement  of  the 
bricks.  The  dire<5tion  of  the  draught  is  then  reversed  ;  the 
current  of  the  flame  or  hot  waste  gases  are  employed  to  heat 
up  the  second  pair  of  regenerators,  and  the  gases  and  air 
entering  the  furnace  are  passed  in  the  opposite  direction 
through  the  first  pair,  and  coming  into  conta^,  in  the  first 
instance  with  the  cooler  brickwork  below,  are  gradually 
heated  as  they  ascend,  until,  at  some  distance  from  the  top, 
they  attain  a  temperature  nearly  equal  to  the  initial  heat  of 
the  waste  gases,  and  passing  up  into  the  furnace,  meet  and 
at  once  ignite,  producing  a  strong  flame,  which,  after  passing 
through  the  heating  chamber,  is  drawn  down  through  the 
second  pair  of  regenerators  to  the  chimney  flue.  The  tem- 
perature attained  by  the  ascending  gas  and  air  remains 
nearly  constant,  until  the  uppermost  courses  of  the  regenera- 
tor brick  work  begin  sensibly  to  cool ;  but,  by  this  time,  the 
other  two  regenerators  are  sufficiently  heated,  and  the 
draught  is  again  reversed,  the  stream  of  waste  gases  being 
turned  down  through  the  first  pair  of  regenerators,  re-heating 
them  in  turn,  and  the  gas  and  air  which  enter  the  furnace 
being  passed  up  the  second.     By  thus  reversing  the  direction 
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of  the  draught  at  regular  intervals,  nearly  all  the  heat  is 
retained  in  the  furnace,  that  would  otherwise  be  carried  o£fby 
the  produfts  of  combustion,  the  temperature  in  the  chimney 
flue  rarely  exceeding  300'  F.,  whatever  may  be  the  heat 
in  the  furnace.  The  proportion  of  heat  carried  off  in  an 
ordinary  furnace  by  the  produ(5ts  of  combustion,  is  generally 
far  greater  than  that  which  can  be  utilised,  as  all  the  heat 
of  the  flame  below  the  temperature  of  the  work  to  be  heated, 
is  absolutely  lost.  The  economy  of  fuel  effefted  in  the- re- 
generative gas  furnace,  by  removing  this  source  of  loss,  and 
making  all  the  heat  of  the  waste  gases,  however  low  its 
intensity,  contribute  to  raise  the  temperature  of  the  flame, 
amounts,  in  average  praftice,  to  fully  50  per  cent  on  the 
quantity  used  in  an  ordinary  furnace,  and  the  saving  is 
greater,  the  higher  the  heat  at  which  the  furnace  is  worked. 
In  addition  to  this  economy  in  the  amount  of  fuel  used,  a 
much  cheaper  quality  may  generally  be  burnt  in  the  gas 
producer  than  could  be  used  in  a  furnace  working  at  the 
same  heat,  and  in  which  the  fuel  is  burnt  direiflly  upon  the 
grate  in  the  ordinary  way. 

"  When  the  heat  of  the  furnace  is  not  abstraifted  con- 
tinually by  cold  materials  charged  into  it,  the  temperature 
necessarily  increases  after  each  reversal,  as  only  a  very  small 
fraftioD  of  the  beat  generated  is  carried  off  by  the  waste 
gases.  The  gas  and  air,  in  rising  through  the  regenerators, 
are  heated  to  a  temperature  nearly  equal  to  that  at  which 
the  flame  had  been  passing  down  ;  and  when  they  meet  and 
bum  in  the  furnace,  the  heat  of  combustion  is  added  to  that 
carried  up  from  the  regenerators,  and  the  flame  is  necessarily 
hotter  than  before,  and  raises  the  second  pair  of  regenerators 
to  a  higher  heat.  On  again  reversing,  this  higher  heat  is 
communicated  to  the  gas  and  air  passing  in,  and  a  still 
hotter  flame  is  the  result.  The  temperature  that  may  be 
attained  in  this  way  by  the  gradual  accumulation  of  heat  in 
the  furnace,  and  in  the  upper  part  of  the  regenerators, 
appears  to  be  quite  unlimited,  and  the  heat  at  which  a 
suitably  designed  furnace  can  be  worked,  is  limited  in 
practice  only  by  the  difSculty  of  flnding  a  material  sufficiently 
refractory  of  which  it  can  be  built. 
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"  Welsh  Dinas  brick,  consisting  of  nearly  pure  silica,  is  the 
only  material,  of  those  praAically  available  on  a  large  scale, 
that  I  have  found  to  resist  the  intense  heat  at  which  steel 
melting  furnaces  are  worked;  but  though  it  withstands 
perfedtly  the  temperature  required  for  the  fusion  of  the 
mildest  steel,  even  this  is  melted  easily  if  the  furnace  is 
pushed  to  a  still  higher  heat. 

"  The  following  is  an  analysis  of  Dinas  '  clay '  from  Pont- 
Neath-Vaughan,  Vale  of  Neath  (Percy's  Metallurgy,  vol.  i., 
p.  337)  :— 

Silica 9^'3^ 

Alumina 07a 

Protoxide  of  iron o"i8 

Lime 0*22 

Potassa  and  soda 0*14 

Water  (combined) 0*35 

99-92 

The  '  clay '  is  mixed  with  i  per  cent  of  lime  in  making  the 
bricks. 

"  As  the  gas  flame  is  quite  free  from  the  suspended  dust 
which  is  always  carried  over  from  the  fuel  by  the  keen 
draught  of  an  ordinary  furnace,  the  brick  work  exposed  to  it 
is  not  fluxed  on  the  surface,  and  gradually  cut  away,  but  fails, 
if  at  all,  only  from  absolute  softening  and  fusion  throughout 
its  mass,  A  Stourbridge  brick,  for  example,  exposed  for  a 
few  hours  to  the  heat  of  the  steel  melting  furnace,  remains 
quite  sharp  on  the  edges,  and  is  little  altered  even  in  colour ; 
but  it  is  so  thoroughly  softened  by  the  intense  heat,  that  on 
attempting  to  take  it  out,  the  tongs  press  into  it  and  almost 
meet,  and  it  is  often  pulled  in  two,  the  half-fused  material 
drawing  out  in  long  strings.  It  results  from  this  perfect 
purity  of  the  flame,  that  where  the  heat  is  not  sufBcient  to 
effeift  the  absolute  fusion  of  the  bricks  employed,  the  length 
of  time  is  almost  unlimited  during  which  a  gas  furnace  will 
work  without  repairs. 

"  Another  advantage  in  employing  the  fuel  in  the  manage- 
able form  ol  gas,  is  that  the  rate  of  combustion  may  be 
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regulated,  at  pleasure,  to  produce  an  ai5live  heating  flame  of 
any  length,  from  little  more  than  2  feet,  as  in  the  pot  steel- 
melting  furnaces,  to  30  feet  in  the  largest  furnaces  for  the 
fusion  of  plate  glass ;  and  the  most  intense  heat  may  be 
thrown  exactly  upon  the  charge,  the  ends  of  the  furnace  and 
the  apertures  through  which  the  gas  and  air  are  introduced 
being  actually  proteifted  from  the  heat  by  the  currents  of 
unbumt,  and  comparatively  cool,  gases  flowing  through 
them,  and  only  mixing  and  burning  at  the  very  point  at 
which  the  heat  is  required,  and  where  it  is  taken  up  at  once 
by  the  materials  to  be  fused  or  heated.  This  is  of  special 
importance  in  the  case  of  those  furnaces  in  which  a  very 
intense  heat  is  employed. 

"The  amount  of  brickwork  required  in  the  regenerators 
to  absorb  the  waste  heat  of  a  given  furnace,  is  a  matter  of 
simple  calculation.  The  produ(5ts  of  the  complete  combus- 
tion of  I  lb.  of  coal  have  a  capacity  for  heat  equal  to  that  of 
nearly  17  lbs.  of  fire-brick.  Taking  the  analysis,  by  Vaux, 
of  the  celebrated  ten-yard  coal  of  Staffordshire  (Watts's 
'  Ditftionary  of  Chemistry,'  i.,  1081)  the  exa(5t  calculation  is 
as  follows : — 


CompoiitioD  of  the  Coal. 


Carbon  .  . 
Hydrogen  • 
Sulphur.     . 

Nitrogen  . 
Oxygen .  . 
Ash  .     .     . 


07857 

0-0529 

.    0*0039 

.  0*0184 
.  0-1288 
.    0-0103 


Oxygen  rcqoired. 
2-0952 
0*4232 
0*0039    " 

2-5223 
0-1288 


Net  oxygen  required    2-3935 
20  per  cent  excess         0*4787 


I -0000 

Total  oxygen 2-8721 


9'6r6o 
0*0180 


Corresponding  nitrogen 
Nitrogen  in  the  fuel 

Total  Nitrogen    .     .    . 


9*6340 
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Gm  prodoced  from  i  lb.  of  Coal.  Specific  "<«»«■  WeigS^orwiter 

Carbonic  acid .     .     ;     =  z'88i     o'ziy  o'tzs 

Water  (steam)     .     .     =   0-476     o"483  0*228 

Sulphurous  acid  .     .     =  0*004     0*154  0*001 

Oxygen  in  excess     .     =  0*479     0'2i8  0*104 

Nitrogen     .     .     .     .     =  9*634     0*244  2*350 

Total  equivalent  weight  of  water     .     .     .     3*308 
Total    eauivalent    weight    of   fire  brick 

(sp.  heat  0-2) 16*540 

"  In  reversing  every  hour,  17  lbs.  of  regenerator  brick-work, 
at  each  end  of  the  furnace,  per  lb.  of  coal  burnt  in  the  gas 
producer  per  hour,  would  be  theoretically  sufficient  to  absorb 
the  waste  heat,  if  the  whole  mass  of  the  regenerator  were 
uniformly  heated  at  each  reversal  to  the  full  temperature  of 
the  flame,  and  then  completely  cooled  by  the  gases  coming 
in ;  but,  in  practice,  by  far  the  larger  part  of  the  depth  of 
regenerator  chequer-work  is  required  to  effeft  the  gradual 
cooling  of  the  produ(5ls  of  combustion,  and  only  a  small 
portion  near  the  top,  perhaps  a  fourth  of  the  whole  mass,  is 
heated  uniformly  to  the  full  temperature  of  the  flame ;  the 
heat  of  the  lower  portion  decreasing  gradually  downwards, 
nearly  to  the  bottom.  Three  or  four  times  as  much  brick- 
work is  thus  required  in  the  regenerators,  as  is  equal  in 
capacity  for  heat  to  the  produdls  of  combustion, 

"  The  best  size  and  arrangement  of  the  bricks  is  determined 
by  the  consideration  of  the  extent  of  opening  required 
between  them,  to  give  a  free  passage  to  the  air  and  gas,  and 
by  the  rule,  deduced  from  my  experiments  on  the  action  of 
regenerators  in  1851-52,*  that  a  suriace  of  6  square  feet  is 
necessary  in  the  regenerator  to  take  up  the  beat  of  the 
products  of  combustion  of  i  lb.  of  coal  in  an  hour. 

"  By  placing  the  regenerators  vertically,  and  heating  them 
from  the  top,  the  heating  and  cooling  at^ions  are  made  much 
more  uniform  throughout  than  when  the  draught  is  in  any 
other  direction,  as  the  hot  descending  current,  on  the  one 
hand,  passes  down  most  freely  through  the  coolest  part  of  the 
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mass,  while  the  ascending  current  of  air  or  gas  to  be  heated 
rises  chiefly  through  that  part  which  happens  to  be  hottest, 
and  cools  it  to  an  equality  with  the  rest.  The  regenerators 
should  always  be  at  a  lower  level  than  the  heating  chambers, 
as  the  gas  and  air  are  then  forced  into  the  furnace  by  the 
draught  of  the  heated  regenerators;  and  it  may  be  worked  to 
its  full  power,  either  with  an  outward  pressure  in  the  heating 
chamber,  so  that  the  flame  blows  out  on  opening  the  doors, 
or  with  the  pressure  in  the  chamber  just  balanced,  the  flame 
sometimes  blowing  out  a  little  and  sometimes  drawing  in. 
The  outward  pressure  of  the  flame  prevents  that  chilling  of 
the  furnace,  and  injury  to  the  brick-work,  from  the  in-draught 
of  cold  air  through  crevices,  which  is  otherwise  unavoidable 
in  any  furnace  worked  without  blast. 

"  The  aiflion  of  the  furnace  is  regulated  by  the  chimney 
damper  and  by  valves  governing  the  supply  of  gas  and  air, 
and  the  draught  is  reversed  by  cast-iron  reversing  valves,  on 
the  principle  of  the  common  four-way  cock." 

Comparison  of  the  Generator  Gases  with  the  Waste 
Gases  and  the  Ordinary  Flame. — The  flame  of  the  gene- 
rator gases  yields  a  greater  heat  than  that  of  the  waste  gases, 
as  the  latter  vary  a  great  deal  in  composition,  and  are  con- 
taminated with  dust  of  silica,  &c.  The  waste  gases  also 
contain  but  little  carburetted  hydrogen,  whilst  the  generator 
gases  frequently  possess  more  than  15  per  cent  of  this  sub- 
stance, in  consequence  of  which,  their  heating  power  is 
greater,  and,  owing  to  the  large  proportion  of  combustible 
gases  which  the  generator  gases  contain,  they  have  the  pro- 
perty of  oxidising  and  reducing  according  to  the  quantity  of 
air  of  combustion  admitted.  Firing  with  generator  gases  is 
also  far  more  advantageous  than  the  ordinary  mode  of  direifl 
firing,  which,  owing  to  the  very  frequently  imperfedl  and 
irregular  combustion,  is  liable  to  produce  a  smoky  and  dusty 
flame,  sometimes  containing  an  excess  of  oxygen,  and  some- 
times an  excess  of  carburetted  hydrogen. 

The  condition  next  in  importance  to  the  construtStion  of 
the  generators  or  gas  producers  and  furnaces,  is  the  employ- 
ment of  dry  fuel.* 

*  B.  D.  h.  Ztg.,  1S57,  p.  16.    Peclbt,  c.  i.,  p.  261. 
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Materials  for  the  Produ<5lion  of  Gases. — The  following 
are  the  materials  chiefly  employed  in  the  produdlion  of  gene- 
rator gases : — Wood  rubbish,  pine  nuts,  waste  of  charcoal 
and  coke,  peat,  brown  coal,  and  mineral  coal,  but  generally 
non-caking  coal.  Good  coal  is  usually  burnt  direftly  on 
grates,  and  not  converted  into  gas.  It  produces  tempera- 
tures of  upwards  of  2000'  C,  and,  owing  to  its  compaftness, 
it  yields,  in  a  fire-place  of  limited  extension,  in  a  given  time, 
a  considerable  quantity  of  heat ;  and  as  coal  pertinaciously 
retains  its  volatile  substance,  it  gives  off  by  distillation  a 
regular  current  of  gas,  for  which  reason  a  too  frequent 
stoking  of  the  fire,  which  has  acooling  a<5lion,  must  be  avoided. 
The  single  pieces  of  coal  lie  compa<ftly  in  the  fire-place 
without  leaving  large  interstices,  and  therefore  induce  a 
regular  current  of  air ;  peat,  wood,  &c.,  behave  differently. 
■Wood  produces  a  temperature  of  only  about  1700'  C. ;  it 
quickly  gives  off  its  volatile  constituents,  on  account  of  its 
little  compaftness,  and  does  not  accumulate  a  great  heating 
power  in  the  fire-place,  in  consequence  of  which  a  more  fre- 
quent stirring  of  the  fire  is  necessary.  The  presence  of  an 
amount  of  water  and  many  interstices  exerts  also  an  injurious 
effeft  on  some  kinds  of  fuel  in  the  fire-place.  This  disad- 
vantage can,  however,  be  avoided  for  the  most  part  when 
such  fuel  is  converted  into  gas. 

State  of  Division  of  the  Material. — In  converting  com- 
pact fuel  into  combustible  gas,  it  must  be  employed  in  a 
certain  degree  of  division.  Caking  coal  may  be  used  in  a 
pulverulent  state,  and  non-bituminous  coal  in  pieces  mea- 
suring from  i  to  2  cubic  inches.  Mineral  coal  to  be  con- 
verted into  gas  requires  a  much  higher  temperature  than 
wood,  peat,  and  brown  coal,  and  its  perfedl  conversion 
necessitates  the  use  of  blast  under  the  grate.  For  the  con- 
version of  non-bituminous  coal  or  anthracite  into  gas,  the 
application  of  steam*  has  been  recommended.  Brown  coal 
is  best  employed  in  pieces  the  size  of  an  egg.  Peat  which 
has  been  cut  in  the  form  of  bricks  is  used.  Wood  is  usually 
employed  in  pieces  from  6  to  10  inches  long,  having  a  section 

B^kfd.,  viii.,  50J  ; 
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of  J  square  foot  or  more.  The  different  kinds  of  fuel  may, 
however,  be  advantageously  employed  in  a  finer  state  of 
division  if  the  gas  producers  are  suitably  construdted. 

Wood  forms  an  excellent  material  for  the  produiflion  of 
'  gas,  as  it  can  be  easily  stored,  contains  a  small  proportion 
of  ash,  and  admits  of  the  process  being  condui^ed  with  great 
cleanliness ;  good  turf  approaches  wood  in  its  applicability, 
but  requires  large  store-houses,  and  necessitates  a  frequent 
cleaning  of  the  fire-place,  if  it  contain  a  large  proportion  of 
ash ;  it  also  frequently  requires  a  previous  preparation. 
After  turf,  the  purer  kinds  of  brown  coal  are  most  applicable, 
then  pure  non-caking  coal,  and  lastly,  caking  coal,  which 
requires  differently  construifted  generators. 

The  proportion  of  water  and  ash  contained  in  the  fuel, 
exerts  an  essential  influence  on  the  process  of  the  conver- 
sion of  compaift  fuel  into  gas. 

Proportion  of  Water. — A  large  proportion  of  steam  con- 
tained in  the  gases  lowers  their  pyroroetric  heating  power, 
and  they  can  only  be  used  with  advantage  after  being 
liberated  from  it. 

The  fuel  must  be  employed  either  in  air-dried  or  in  kiln- 
dried  state,  according  to  the  temperature  which  the  gases 
are  intended  to  produce.  Wood  and  peat  must  be,  at  least, 
air-dry,  but  it  is  better  toemploythem  in  a  kiln-dried  state; 
peat  originally  contains  more  water  than  wood,  and  is  there- 
fore more  difGcult  to  dry  in  the  air  as  well  as  in  kilns,  as 
the  piled-up  wood  leaves  more  interstices  for  the  hot  gases 
which  pass  through  it.  This  difficulty  in  drying  turf  may 
be  partly  avoided  by  employing  smaller  kilns,  or  if  it  is  dried 
in  kilns  as  large  as  those  used  for  wood,  it  is  advisable  to 
intermix  wood  with  it,  thus  rendering  it  less  compaA.  Peat 
containing  not  more  than  6  per  cent  of  ash,  and  being 
perfectly  kiln-dried,  not  only  yields  a  temperature  equal  to 
that  of  kiln-dried  wood,  but  the  quantity  of  both  kinds  of 
fuel  required  is  also  nearly  equal.  Brown  coal,  on  being 
dried  in  kilns,  is  liable  to  disintegrate,  and  is,  therefore, 
mostly  used  after  being  deprived  of  th?  greater  part  of  its 
moisture  by  being  stored  for  a  long  time  in  a  covered 
and  airy  place.     It  has  also  been  found  advantageous  to 
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store  fresh  mineral  coal  under  shelters  for  some  time  before 
using  it. 

Ash  contained  in  Fuel.* — The  difficulty  of  sustaining 
a  regular  current  of  gas  increases  with  the  amount  of  ash 
contained  in  the  fuel,  as  the  ash  impedes  the  draught,  and 
causes  an  irregular  division  of  the  current  of  air,  especially 
if  the  ash  cakes,  which  is  generally  the  case  when  blast 
generators  are  employed,  as  undecomposed  air  will  then 
enter  the  upper  parts  of  the  generator,  and  explosions  may 
be  apprehended.  The  removal  of  the  ash  causes  the  pro* 
cess  to  be  interrupted.  In  order  to  avoid  these  interruptions, 
it  is  advisable  to  employ  two  generators  of  smaller  dimen* 
sions,  instead  of  one  large  one,  and  to  clean  them  alternately. 
.  MOller's  grate,  consisting ofaperforated  iron  plate,  admits 
of  an  easy  removal  of  the  ash.  It  has  been  recommended 
that  some  water  should  be  kept  below  the  grate  for  cooling 
the  cinder  and  ash. 

When  blast  generators  have  been  employed,  attempts 
have  been  made  to  add  fluxes  to  the  fuel,  by  which  the 
ash  would  be  converted  into  a  fusible  slag.  The  slag  is  then 
from  time  to  time  removed  from  the  sole  of  the  generator, 
through  a  tapping-hole,  and  a  continuous  process  is  thus 
obtained  ;  on  the  other  hand,  it  was  found  that  the  walling 
of  the  generator  was  too  much  attacked  and  wasted.  The 
ash  is  sometimes  removed  in  a  manner  similar  to  that  with 
draught  generators ;  the  fuel  above  the  tuyeres  is  suspended 
by  iron  bars  thrust  in  for  the  purpose,  and  the  ash  below  is 
removed.  In  order  to  keep  the  furnace  as  much  as  possible 
at  the  required  temperature  during  the  time  in  vi'hich  the 
generator  is  cleaned,  it  is  advisable  to  put  some  pieces  of 
wood  on  the  furnace  hearth  before  the  fire-bridge. 

The  gases  produced  in  generators  are  generally  purer  than 
waste  gases,  although  they  frequently  cany  along  with  them 
dust  (pulverulent  fuel,  ash) ;  this  is  especially  the  case  when 
the  gases  are  produced  in  blast  generators ;  this  dust  then 
colletJls  and  narrows  the  conduit  pipes,  and  when  used  for 
puddling  and  re-heating  iron,  it  deteriorates  the  metal  and 

).  33,  36.      TUHMBk'B  Lbob.  Jabrb.,  1857,  vt.,  p.  137 
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causes  greater  loss  of  it.  On  the  other  hand,  it  has  also 
been  observed  that  the  dust  diminishes  the  loss  of  iron,  as  it 
forms  upon  it  an  easily  fusible  slag,  which  protects  the  iron 
from  oxidation.*  The  greater  part  of  the  dust  may  be  re- 
tained by  conduAiag  the  gases  through  a  chamber  previous 
to  entering  the  furnace. 

Construiftion  of  the  Generators. — Every  reverberatory 
furnace  can  be  simply  and  pratftically  transformed  into  a 
gas  furnace  by  placing  the  grate  in  a  deeper  position,  and 
when  clinker  grates  are  employed,  the  advantage  of  heating 
the  air  of  combustion  is  at  the  same  time  obtained.  These 
gas  furnaces  with  deeper  lying  grates  can  be  re-construdted, 
at  any  time,  into  a  common  reverberatory  furnace. 

The  generators  are  classified  as  draught  and  blast 
generators,  according  to  whether  the  fuel  is  burnt  in  them 
1^  means  of  draught  or  blast.  Draught  generators  were 
formerly  employed  for  non-compa(!t  and  easily  combustible 
fuel,  while  blast  generators  were  chiefly  used  for  compaA 
fuel  and  fuel  of  small  division,  as  the  latter,  owing  to  its 
lying  compactly,  cannot  be  sufiiciently  penetrated  by  the 
draught.  More  recently,  blast  regulators  have  also  been 
employed  for  all  kinds  of  fuel,  and  they  are  stated  to  possess 
the  following  advantages  : — 

1.  Ferfei5t  combustion  of  the  small  fuel,  and  no  loss  by 
pieces  falling  through  the  grate,  as  the  latter  can  be  either 
done  away  with  altogether,  or  the  grate  bars  can  be  placed 
so  as  to  leave  smaller  interstices. 

2.  Quicker  produdtion  of  a  larger  quantity  of  gas. 

3.  Safer  conduft  of  the  produftion  and  combustion  of  the 
gas,  as  the  admission  of  air  is  under  better  control  than  is 
the  case  in  draught  generators,  and  consequently  fuel  will  be 
economised,  and  a  higher  temperature  may  be  produced. 
The  flame  may  be  increased  or  diminished  according  to 
whether  the  upper  blast,  namely,  that  introduced  on  the  fur- 
nace hearth,  or  the  blast  in  the  generator  is  prevailing, 
which  may  be  arranged  by  simply  turning  a  tap. 

The  following  are  some  of  the  disadvantages  of  the  blast 

*  Leob.,  Jahrb.,  i860,  p.  iij- 
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generators : — The  tuyeres  frequently  become  obstrufled,  and 
the  removal  of  ash  and  slag  is  inconvenient.  When  burning 
easily  combustible  fuel  in  large  pieces,  the  blast  is  generally 
introduced  somewhat  above  the  sole  of  the  generator  through 
a  wide  tuyere,  and  several  tuyeres  issuing  from  a  mutual 
reservoir  are  employed  usually  when  treating  compaA  or 
small  fuel.  The  reservoir,  or  blast  box,  is  provided  at 
the  back  with  openings  corresponding  with  the  tuyeres, 
through  which  the  tuyeres  can  be  cleaned.  During  the 
operation  ;  these  openings  are  closed  with  plugs.  One  side 
of  the  reservoir  below  the  tuyeres  is  provided  with  an  opening 
which  may  be  closed,  and  which  serves  for  the  removal  of 
the  ash  if  the  gas  producer  has  no  grate.  This  constniiflion 
of  the  generator  is  advisable  when  fuel  rich  in  ash  or  which 
easily  disintegrates,  is  being  treated,  as  in  such  case  the 
grate  will  be  soon  obstru<5led.  The  blast  is  introduced  into 
the  generator  with  low  pressure,  and  mostly  in  a  cold  state, 
in  order  to  preserve  the  grate  and  the  furnace  waitings. 
Some  Swedish  gas  reverberatory  furnaces  are,  however, 
worked  with  hot  blast,  which  is,  at  the  same  time,  used  for 
burning  the  gases. 

An  important  part  of  a  gas  generator  is  the  mouth  for 
chai^ng  the  fuel ;  this  mouth  must  be  constructed  in  such 
a  manner  that  the  atmosphere  is  prevented  from  entering 
the  generator,  and  the  combustible  gases  produced  in  it  from 
escaping  from  it.  If  atmospheric  air  is  allowed  to  enter,  the 
formation  of  an  explosive  gas  mixture  will  most  likely  be  the 
consequence,  or,  at  least,  the  normal  proportion  between 
gas  and  air  will  be  modified,  and  consequently  the  gas  will 
bum  too  soon,  or  the  flame  on  the  furnace  hearth  will  con< 
tain  a  veiy  variable  surplus  of  air,  so  that  the  temperature 
will  decrease. 

There  is  less  danger  that  gases  will  escape  from  a  draught 
generator  on  its  being  charged,  than  that  the  atmospheric 
air  will  enter  it,  whilst,  with  blast  generators,  the  contrary 
is  the  case. 

The  construdtion  of  various  kinds  of  gas  reverberatory 
furnaces  is  shown  in  Figs.  56,  57,  214 — 224. 257,  and  258,  of 
our  second  volume. 
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SiemeDs's  regenerative  furnace  is  shown  in  Figs.  245 — 248 
of  vol.  ii.,  and  in  Figs.  41  and  42,  and  subsequent  figures  of 
the  present  volume. 

This  furnace  received  thedistindlionofthe  grand  prize  at 
the  last  Paris  International  Exhibition  ;  it  has  been  largely 
introduced  both  here  and  on  the  Continent,  and  its  success 
in  various  branches  of  industry  is  everywhere  established.* 

M.  F.  Lundin.t  of  Munkfors,  in  Sweden,  has  made  an 
improvement  in  the  Siemens  furnace ;  it  consists  in  the  in- 
jecftion  of  cold  water  into  the  gases  before  they  enter  the 
combustion  chamber  of  the  furnace,  as  by  this  means  they 
are  washed  and  purified,  and  the  steam  carried  with  them 
is  also  condensed.  There  is  always  a  large  proportion  of 
steam  contained  in  gases  produced  from  fuel  which  has  not 
been  dried,  and  it  amounts  to  30  per  cent  by  weight  in  the 
gases  produced  from  saw-dust,  which  fuel  has  been  success- 
fully worked  by  M.  Lundin  for  about  two  years.  The  other 
hurtful  substances  in  the  gases  are  solid  matter  carried  along 
mechanically,  and  gaseous  combinations  which  are  absorbed 
by  water,  and  of  the  latter  combinations  sulphurous  acid  is 
especially  injurious;  the  application  of  Lundin's  method, 
therefore  admits,  also,  of  the  employment  of  those  kinds  of 
fuel  that  contain  much  sulphur.  M.  Lundin  carries  out  his 
plan  as  follows  : — The  gases  in  their  heated  state  pass  from 
the  generator  through  a  pipe  which  leads  into  a  chamber, 
where  a  series  of  jets  of  cold  water  are  brought  into  contadl 
with  the  gas.  There,  is,  further,  a  pile  of  iron  bars  in  that 
chamber,  over  which  water  is  kept  Sowing  constantly,  for 
the  purpose  of  keeping  them  cool,  and  through  this  the 
gases  are  made  to  pass  in  their  ascent.  After  this  the  dried 
and  purified  gases  pass  off  to  the  Siemens  furnace  in  the 
usual  way. 

•  BerggeiBt,  iv.,  No.  4  (1838).  Polyl.  Joum.,  jtxuviii.,  Hft.  xo,  p.  174; 
Bd.  176,  Hft.  1,  1865 ;  April  Hft.,  1866.  B.  a.  h.  Ztg.,  No.  31,  1861 ;  No.  31, 
1864  ;  No.  8.  J865  ;  Nob.  28,  37,  1865  ;  No.  21,  1866 ;  No.  41,  1867.  Polyt. 
Cenlr.,  1863,  7  Lief.     Neueste  Erfindungcn,  No.  16,  1866. 

■t  K6hh,  Iron  and  Steel  Uonufadure,  p.  141.  Berggeitt,  No.  90,  1866. 
Pol)t.  Joum.,    April,  May,   1867.      B.  d.  h.  Ztg.,  No.  19,1867;   Noi.  6,  zi. 
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M.  Kohn  most  justly  observes  that,  with  the  employment 
of  Siemens's  farnace  and  M.  Lundio'a  scientific  addition  to 
it,  there  is  no  improbability  of  a  successful  utilisation  of  peat 
for  the  purposes  of  iron  and  steel  manufacture,  and  indeed 
for  any  other  process  requiring  an  intense  heat. 

Gases  produced  from  wood,*  peat.t  brown  coal,|  mineral 
coalfll  anthracite,^  charcoal,ir  and  coke**  are  employed  for 
various  technical  purposes. ft 

*  B.  D.  h.  Ztg.,  1849,  No.  6;  1S51,  p.  469;  1853,  p.  610;  1855,  pp. 93,  149; 
1856,  p.  98 ;  1857,  p.  119.  Ann.  d.  mia.,  4  air.  Hi.,  207. 

t  BgwkTd.,  xiii.,  39,  100  ;  ivi.,  430.  B.  a.  b.  Ztg.,  1849,  pp.  81,  3«4 ;  1857, 
pp.  26,  107,  iig.  Ann.  d.  niin.  4  air,,  iii.,  207.  Polyt.  Ceotr,,  1849,  p.  364 ; 
1854,  p.  303.  Tuhhek'b  Lbob.  Jahrb.,  1860,  p.  lis. 

I  Karst.,  Arcb.,  3  R.,  xxiii.,  729.  B.  a.  b.  Ztg.,  1S44,  pp.  53,  89,  92,  141, 
184;  1845,  p.  321.  B^krd.,  vii.,  26;  in.,  119;  «i.,  249,  309. 

H  Kakst.,  Arcb.,  a  R.,  xxiu.,  729.  B.  n.  h.  Ztg..  1843,  p.  611 ;  1S57,  p.  23. 
Bgwkfd.,  ix.,  344,  511. 

(  Polyt.  Cenir.,  1846,  p.  492.  Bgwlcfd.,  vili.,  505  ;  x.,  454.  B.  n.  h,  Ztg., 
1849,  p.  243  ;  1857,  p.  32.  DiHoi..,  ciii.,  289.  Ann.  d.  mjn.,  4  air.,  xUi.,  iz8. 

%  B.  n.  h.  Ztg.,  1S52,  pp.  611,  627,  645 ;  1856,  p.  99.  Ann.  d,  min.,  3  ah., 
iii.,  207.  Bgwkfd.,  xiii.,  123. 
**  Ann.  d.  tnin.,  4  tix.,  v.,  79. 

tf  Karst.,  Arch.,  2  R.,  Rvii.,  H(i.  3.  Polyt.  Centr.,  1S43,  Hft.  11.  Bgwkfd., 
vL,  296 ;  vii.,  33,  49,  465  ;  ii.,  344,  465,  4S0 ;  x.,  186  ;  x\.,  204  ;  xii.,  171,  46*. 
B.  u.  h,  Ztg.,  v„  817  i  vi.,  22J.  Erdm.,  J.  r.  6k.  u.  Techn.  Ch^  v.,  206. 
Jahrbnch  f.  d.  taclu.  Berg-  n.  Huttenmaiin.,  1849,  p.  95. 
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CHAPTER    III. 

MATERIALS    USED    IN    THE    ERECTION    OP 
FURNACES. 

The  materials  used  in  the  building  of  furnaces  must  have  the 
property  of  sustaining  the  temperature  which  the  chemical 
process  carried  on  in  the  furnace  requires,  without  melting. 
They  must  undergo  little  or  no  modification  from  the 
chemical  a<5tion  of  the  atmosphere,  the  ores,  and  the  flame, 
and  they  must  resist  the  changes  of  temperature  without 
cracking.  The  behaviour  of  the  materials  in  higher  tem- 
perature may  be  ascertained  by  experiments  with  the  blow- 
pipe, or  in  a  draught  furnace.* 

In  treating  basic  mixtures,  building  materials  rich  in  bases 
(serpentine,  for  instance)  are,  if  possible,  chosen  for  con- 
struiStingthefumaces,  and  materialsrich  in  silicaare  employed 
for  furnaces  treating  acid  mixtures.  But  it  is  not  alone  the 
amount  of  silica  and  bases  contained  in  the  mixture  that 
wastes  the  furnace  walling ;  the  same  aftion,  in  a  consider- 
able degree,  is  produced  by  sulphides,  and,  in  smelting  them, 
those  parts  of  the  furnace  which  come  into  contai5t  with  the 
smelting  mass  are,  therefore,  provided  with  a  sort  of  coating 
(small  coal  in  admixture  with  Ioam,&c.)  Refraflory  crucibles, 
for  instance,  are  of  excellent  quality  if  they  admit  of  repeated 
meltings  of  sulphide  of  iron.t 

Those  materials  are  the  most  refraflory  which  consist  only 
of  one  base  and  silica.    The  refra^oriness  decreases  with 

*  Mitthl.  des  Gew.-  Ver.  I.  d.  K.,  Haanov.,  1838,  Lief,  tj,  p.  147 ;  1S39, 
Lief.  30,  p.  41a. 

t  Bei^geist,  iSCoi  No.  7. 
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the  number  of  bases,  especially  if  the  materials  contain  a 
large  amount  of  the  protoxides  of  iron  and  manganese,  lime, 
and  alkalies. 

It  is  not  always  best,  however,  to  employ  the  most  refrac- 
tory materials,  as,  on  being  heated,  they  may  crack  and  fly  off 
without  melting,  or  they  may  be  worked  with  too  great  diffi- 
culty.  This  is  the  reason  why  pure  quartz  is  seldom  used  in 
the  construdlion  of  furnaces,  although  it  is  highly  refraiftory. 

The  chief  materials  are— native  stones  of  various  descrip- 
tions, artilicially  manufa(5tured  stones,  and  refraftory  masses 
for  the  formation  of  smelting  hearths. 

A.  NATIVE  STONES  OR  ROCKS  CONSISTING   OP  SILICA 
OR  VERY   REFRACTORY   SILICATES   OP   ALUMINA. 

The  roughly  cut  stones,  before  being  employed,  are  usually 
stored  for  a  long  time  under  shelter  in  a  dry  place,  in  order 
to  deprive  them  of  their  natural  moisture.  Stratified  rocks, 
sandstone,  for  instance,  on  being  stored,  are  marked  to  show 
the  position  which  nature  assigned  them,  and,  to  prevent 
their  lamination  in  the  furnace,  they  are  walled-in  in  their 
original  bed  position,  so  that  one  of  the  four  transverse  sides  is 
turned  towards  the  fire. 

The  following  are  some  of  these  rocks : — 

I.  Rocks  Rich  in  Silica,  such  as  Sandstones,  and  espe- 
cially those  whose  grains  of  quartz  are  cemented  by  a  sili- 
ceous clay.  The  sandstones  containing  lime,  iron,  and  bitu- 
men are  less  refraftory. 

In  many  respefls,  argillaceous  sandstone,*  in  which 
clay  forms  the  cement,  is  superior  to  siliceous  sandstone ; 
this  refers  particularly  to  those  cases  in  which  a  change  of 
heat  is  inevitable.  Clay  does  not  form  a  strong  cement,  and 
such  stones  are  generally  found  to  be  soft  in  the  quarry,  but 
harden  on  being  exposed  to  the  air  or  heat.  These,  however, 
do  not  generally  resist  high  heat  so  well  as  siliceous  sand- 
stones, and  when  fluxes  come  into  contact  with  them  when 
hot,  they  are  soon  melted.  Sandstones  which  contain 
speingles  of  mica,  or  particles  of  pyrites,  or  which  are  coloured 

*  OvBRMANH,  Treatiu  on  Metallurgy,  p.  316. 
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by  any  metallic  oxides,  particularly  protoxides,  are  not  gene- 
rally fire-proof;  still  there  are  instances  in  which  such  stones 
are  used  with  advantage. 

In  the  5elei5tion  of  sandstones  for  hearth  stones  we  must  be 
guided  chiefly  by  experience.  Coarse-grained  stone,  such  as 
millstone  grit,  which  occurs  in  the  lower  strata  of  the  coal 
measures,  is  generally  found  to  be  of  good  quality.  The  coarse 
sandstone  in  the  higher  strata  of  the  coal  formation  is  not 
often  adapted  to  resist  a  strong  heat  and  the  influence  of 
fluxes,  because  its  cement  consists  chiefly  of  lime,  clay,  and 
iron.  In  these  upper  strata  the  flne-grained  stone  appears 
to  be  superior  to  the  coarse  grit.  Transition  or  old  red  sand- 
stone is  generally  found  to  be  durable,  particularly  those 
kinds  in  which  grains  of  white  quartz  of  the  size  of  peas  or 
small  beans  are  visible.  Sandstone  is  peculiarly  suited  to 
serve  as  a  refraftory  stone  ;  it  resists  heat  in  a  higher  degree 
than  almost  any  other,  and  if  compaift,  is  less  attacked  by 
fluxes  than  any  other  kind  of  rock.  It  is  found  almost  every- 
where in  the  United  States,  and  is  easily  quarried  and  cut 
into  the  required  forms. 

Sandstone  from  the  coal  regions  near  Dortmund,  in  West- 
phalia, contains  88  parts  of  silica,  8  of  ferruginous  alumina, 
and  4  of  manganese,  lime,  magnesia,  and  carbonaceous  sub- 
stances. Red  sandstone  from  the  neighbourhood  of  Schwein- 
furth  contains  from  gz  to  99  per  cent  of  siliceous  substances. 
Sandstone  from  the  Carpathian  Mountains  contains — 

Quartz  and  clay 70  per  cent 

Carbonate  of  lime 18         ,, 

Carbonate  of  magnesia  ....       3         „ 

Carbonate  of  iron 10        „ 

Siliceous  sandstones  contain  from  97*5  to  987  per  cent  of 
quartz  sand. 

Sandstone  of  the  tertiary  formation*  (molasse  sandstone 
from  the  Bavarian  Alps)  contains — 

Silica 28 — 75  per  cent 

Carbonate  of  lime z — 30         „ 

Carbonate  of  iron  and  manganese      3 — 56        „ 

Alumina i — 1-5       ,, 

Bitumen i — 9  „ 

*  Bischoff's  Geologie,  ii.,  1631. 
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Bveo  if  the  sandstone  is  of  good  quality,  it  is  expensive 
to  work  it  into  small  pieces,  whilst  larger  pieces,  on  being 
heated,  have  a  tendency  to  fly  off,  and  to  assume  the  form 
of  separate  columns.  The  sandstones,  for  instance,  that 
form  the  hearth  of  an  iron  blast  furnace,  when  the  furnace 
is  blown  out,  appear  frequently  in  prismatic  separations 
similar  to  lava  and  anthracite,  and,  on  striking  them  with  a 
hammer,  they  fall  asunder,  forming  pretty  regular  prisms, 
mostly  with  five  sides,  but  prisms  having  three,  four,  and 
nine  sides  also  occur.* 

Hearth  stones  worked  from  sandstone,  externally  of 
good  appearance,  sometimes  contain  quartz,  coal,  or  oxide 
of  iron  in  their  interior  clefts  and  nests  of  clay.  These  run 
parallel  with  the  fire  side  of  the  stone,  and,  in  this  case, 
flakes  will  come  off  from  the  stone  when  it  is  exposed  to  higher 
temperature.  Sandstone  usually  expands  but  little  on  being 
heated ;  some  kinds,  however,  swell  considerably. 

Many  iron  works  in  Sweden  constru(5t  the  hearths  of  their 
blast  furnaces  of  a  very  good  sandstone  of  the  Silurian  for- 
mation, occurring  in  the  south  of  that  country.  This  sand- 
stone has  great  similarity  to  that  of  Salles,  which  is  univer- 
sally used  in  Bretagne  (France)  for  the  hearths  of  blast 
fu  maces,  t 

Kaolin  Sandstone  is  used  in  Thuringta]:  for  construdting 
furnace  hearths.  In  the  iron  works  at  the  Upper  Hartz  the 
use  of  sandstones  for  construfting  the  hearth  of  blast  fur- 
naces is  being  gradually  abandoned  in  favour  of  an  artificial 
mass  (vol.  ii.,  p.  446). 

An  excellent  material  for  this  purpose  is  the  pudding- 
sJiM»i|  from  Huy,  in  Belgium,  a  coarse-grained  conglomerate 
consisting  of  quartz  rubbles,  which  are  almost  always 
of  a  white  colour,  and  cemented  by  a  white  mass  of 
quartz.  This  pudding-stone  is  used  in  the  iron  works  of 
Belgium  and  of  a  part  of  France,  and  sometimes  also  in 

*  OcBterr.  Ztschr.,  1857,  p.  loj.     Haushann,  Mi>lekularb«wegungen,  1856, 
p.  II. 
t  B.  a.  b.  Ztg.,  1S57,  p.  tit. 
X  Berggeiit,  i860,  No.  74,  p.  606. 
tl  B.u.h.  Ztg.,  I8S9.P-3". 
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Germany.  White  stones  are  preferred  to  those  coloured  by 
oxide  of  iron,  and  those  composed  of  small  rubbles  to  those 
containing  lai^  ones,  as  the  latter  become  separated  when 
the  stones  are  transported.  Owing  to  their  great  hardness, 
these  stones  are  shaped  with  dif&culty,  and  before  the 
furnace  is  blown  in,  they  require  to  be  coated  with  refrac- 
tory clay,  as  they  are  liable  to  crack  and  Hy  off  on  being 
heated  quickly,  but  they  last  a  long  time  after  they  have 
attained  a  higher  temperature.  They  expand  greatly  by  the 
adtion  of  heat,  which  fadt  mnst  be  taken  into  consideration 
in  the  construflion  of  the  furnace,  and  on  account  of  their 
great  hardness,  they  cannot  be  employed  in  small  pieces. 
The  pudding' stones  are  also  more  liable  to  fly  off  in  flakes 
than  artificial  stones  which  have  been  carefully  manufai5lured. 
Quartz  Slate  consists  of  a  fine-grained  and  sometimes 
compa^  mass  of  quartz,  which  is  separated  into  layers  by 
spangles  of  mica. 

3.  Talcose  Rocks,  such  as  talc  slate,  chlorite  slate,  serpen- 
tine, and  soapstone ;  they  are  more  or  less  fire-proof,  ac- 
cording to  their  proportion  of  other  bases,  chiefly  oxide  of 
iron.  They  may  be  easily  shaped,  especially  the  finely  lami- 
nated slates ;  talc  slate  is  more  rcfraflory  than  chlorite  slate. 
The  talcose  or  talc  slate  is  laminar  or  scaly  talc,  frequently 
mixed  with  quartz  and  felspar ;  it  contains — 

Silica 50 — 64  per  cent 

Magnesia 25 — 34      „ 

Peroxide  of  iron    ,     .     ,    0"5 —  9       ,, 
Alumina o —  7       „ 

This  substance*  often  forms  a  very  durable  fire-proof  stone, 
particularly  when  the  slate  has  been  exposed  to  a  strong, 
hardening  heat,  in  the  native  rock.  This  kind  of  slate  is 
found  along  the  Atlantic  coast ;  it  forms  soapstone  when 
soft,  but  in  that  variety  which  is  cemented  by  heat,  it  is 
extremely  hard.  The  latter  quality  occurs  frequently  in  the 
Southern  States,  and  the  former  in  Maryland,  Pennsylvania, 
New  Jersey,  and  all  the  New  England  States.  This  sub- 
stance is  extensively  used  in  puddling  furnaces,  for  which  it 

*  Ovebhahn's  Treatise  on  Metallurgy,  p.  319. 


,;  Google 


556      MATERIALS  USED  IK  THE  ERECTION  OF  FURNACES. 

is  peculiarly  adapted  by  the  resistance  that  it  offers  to  the 
influence  of  the  oxides  of  metals. 

Chlorite  Slate  is  a  mass  of  chlorite  frequently  intermixed 
with  quarts  or  felspar,  and  also  with  spangles  of  mica  and 
talc.     It  contains : — 

Silica a6 — 31  per  cent 

Alumina .......       5 — 23       „ 

Magnesia 15 — 42      „ 

Peroxide  of  iron   .     .    ,  lo — 27      „ 

Water 9 — 12      „ 

Serpentine,  on  account  of  its  small  amount  of  silica,  is 
well  adapted  for  the  construction  of  furnaces  intended  for 
the  smelting  of  mixtures  rich  in  bases ;  it  contains,  on  an 
average  : — 

Silica 44  per  cent 

Magnesia 43       „ 

Water 13       ,, 

Part  of  the  magnesia  (10  per  cent)  is  sometimes  replaced  by 
oxide  of  iron. 

The  hearths  of  some  blast  furnaces  in  Styria  are  con- 
stni^ed  of  serpentine-rock,  others  of  sandstone,  and  others, 
again,  of  a  mass  consisting  of  clay  and  powdered  serpentine ; 
this  mass  is  used  up  to  the  boshes,  and  the  shaft-lining  is 
made  of  plates  of  tatc  slate,  and  of  bricks  of  magnesite. 
Sandstone  is,  however,  preferred  to  serpentine  if  a  mixturfc 
rich  in  silica  is  smelted,  and  a  higher  temperature  required 
for  the  production  of  grey  pig-iron. 

Soapstone  is  a  combination  of  mono-  and  bi-silicate  of 
magnesia,  containing: — 

Silica 63  per  cent 

Magnesia 32      „ 

Water 5      „ 

The  magnesia  is  sometimes  replaced  by  protoxide  of  iron  to 
the  amount  of  6  per  cent. 

3.  Argillaceous  Rocks,  such  as  Clay  Slate  and  Grey- 
wacke;  they  are  less  refradtory  than  the  preceding  rocks, 
on  account  of  the  amount  of  time,  alkalies,  and  protoxide  of 
iron  which  they  contain.    Their  composition  is  as  follows : — 
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Silica 44 — 79  per  cent 

Alumina 10 — 36 

Protoxide  of  iron  .    ,     .  5 — 16 

Lime 2 — 16 

Magnesia 0*5 —  4 

Potash I —  7 

Soda 0-04 —  2 

Water i —  7 

The  lead  and  copper  smelting  furnaces  of  the  Lower  Hartz 
are  built  of  clay  slate.  The  clay  slate  from  the  Upper  Hartz" 
is  more  easily  fusible  than  bricks  made  of  common  loam. 

4.  Granite,  Gneiss,  and  Mica  Slate. — Granite  has  the 
following  composition : — 

Silica 63 — 76  per  cent 

Alumina  1  ,.     ^ 

Peroxide  of  iron  f      '     '  ^4— 3o 

Lime 0*5 —  9        „ 

Magnesia  and  alkalies  .      o — 15        „ 

Mica  slate  is  composed  as  follows : — 

Silica 49 — 81  per  cent 

Alumina I — 26 

Peroxide  of  iron.     .     .  i — 19 

Lime o —  5 

Magnesia trace — 11 

Potash 0"5 —  6 

Soda o*i —  3 

Gneiss  is  used  at  Schmollnitz  in  the  constradlion  of  rever- 
beratory  furnaces.  It  can  be  easily  dressed  to  the  desired 
forms,  and  offers  a  strong  resistance  to  high  temperatures, 
and  also  to  the  sudden  changes  of  heat.  When  heated 
slowly,  it  swells  but  little,  and  it  does  not  laminate. 

5.  Limestone  is  not  often  employed. 

The  composition  of  limestone,  as  well  as  of  sandstone, 
clay  slate,  mica  slate,  talc  slate,  gneiss,  and  granite,  varies 
in  different  localities,  and  often,  indeed,  in  the  small  compass 
of  a  quarry. 

*  Kbrl,  Oberh.  HutteoproccMe,  p.  S71. 
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B.  ARTIFICIAL  STONES— FIRE-BRICKS. 

These  stones  are  made  of  fire-clay.  The  term  clay  is 
applied  to  hydrous  silicates  of  alumina,  derived,  for  the  most 
part,  from  the  decomposition  of  felspathic  rocks,  and  which 
are  |;enerally  rendered  impure  by  the  admixture  of  other 
substances.  These  substances  are — free  silica,  undecom- 
posed  silicates  with  or  without  alkalies,  carbonate  of  lime, 
hydrous  protoxide  of  iron,  &c.,  and  it  is  on  their  account 
that  the  composition  of  clays  is  in  many  cases  so  difficult 
to  ascertain.  Even  chemical  analysis  is  not  always  suffi- 
cient for  judging  of  the  applicability  of  clay  to  any  desired 
purpose.  The  analysis  shows  the  amount  of  substances 
which  render  the  clay  less  refratfloiy,  but  a  clay  perfetStly 
free  from  such  substances  may  still  be  useless  for  some  pur- 
poses, if,  for  instance,  it  cracks  on  heating,  contra(5ts  strongly, 
&c.  This  behaviour  is  probably  based  on  the  variable  mix- 
ture of  different  silicates  of  alumina,  and  on  the  presence  of 
more  or  less  free  silica,  in  different  states  of  aggregation. 
Under  such  circumstances,  there  is  nothing  left  but  to 
submit  the  clay  to  high  temperature,  thus  ascertaining  its 
behaviour. 

The  refractoriness  of  clay  is  impaired  by  the  presence 
of  protoxide  of  iron  and  manganese,  as  well  as  of  lime 
and  alkalies.  3  or  4  per  cent  of  oxide  of  iron  does  not  exert 
any  very  considerable  influence,  not  nearly  so  much  as 
does  an  equal  amount  of  alkalies.  If  the  clay,  on  burning, 
assumes  a  yellow,  and  not  a  red,  colour,  its  proportion  of 
iron  is  not  dangerous.  An  amount  of  undecomposed  felspar 
present  in  clay,  may  be  very  injurious ;  it  is  therefore  advis- 
able to  elutriate  a  sample  of  the  clay  and  to  examine  the 
residue  minutely. 

The  durability  of  the  fire-bricks  depends  partly  on  the 
composition  of  the  clay,  but  also  to  a  great  extent  on  the 
manner  in  which  they  are  manufactured,  on  the  compactness 
of  the  mass,  the  degree  of  baking,  &c.  The  greater  or  less 
compactness  of  the  fire-bricks,  and  the  degree  to  which  they 
are  burnt,  exert  an  influence  on  the  resistance  which  they 
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offer  to  sudden  changes  of  temperature,  and  their  refradlori- 
ness  is  influenced  fay  their  porosity  and  proportion  of  silica. 
The  plasticity  of  the  clay  increases  with  the  amount  of 
hydrated  alumina  that  it  contains. 

Fire  Clays,  i. — In  this  country,*  the  geological  position 
of  fire  clay  is  immediately  beneath  coal,  each  bed  of  which 
rests  upon  a  stratum,  of  greater  or  less  thickness,  of  a  clay 
possessing  the  peculiar  qualities  of  fire-clay,  and  distinguished 
in  the  mining  districts  by  the  name  of  under  clay,  from  the 
position  it  occupies  with  reference  to  coal.  Stourbridge  clay 
is  of  this  character ;  the  bricks  manufaAured  both  at  that 
town  and  at  Gamkirk  are  of  veiy  superior  quality. 

These  English  and  Scotch  clays,  when  ground  and  kneaded 
with  water,  are  but  slightly  plastic ;  they  become  harder 
when  dried,  and  when  strongly  burnt,  they  become  very  hard 
without  caking. 

The  china  clay,  from  Cornwall,  is  obtained  by  elutriation 
of  decayed  granite. 

Analyses  of  English  and  Scotch  Clays. 

a.  b,  c.  d. 

Silica 637        46-1        45-25        69-99 

Alumina 20-7        38-8        28-27        *9'05 

Lime —  —  0-47         — 

Peroxide  of  iron   ,     .       4-0         —  7-72  2"70 

W"".   ■    /  /     ■     ■  lio-3  ia-8          '''34          6-80 

Organic  substances  .  1      -^  —            — 

Carbon —  1-5             —             — 

e.  /.                      g. 

Silica 42-0  47*5— 83'3  59'49 

Alumina 40-9  8-1—31-3  28-95 

Magnesia    ....  o-i  Krace—  ro               ~      ' 

Lime 1-3  )"           ^  trace 

Protoxide  of  iron .     .  trace  i"8 —  9-1                1-05 

Oi^anic  substances .   J   * '         P  — 

a—d,  clay  from  Stourbridge,  analysed  by  Berthier,  Le 
Play,  Salvetat,  and  Heeren.  e,  clay  from  Stannington,  by 
Le  Play ;  less  fire-proof  than  a  f,  clay  from  the  neighbour- 
hood of  Newcastle-on-Tyne,  by  Richardson,  g,  clay  from 
the  iron  works  at  Gartsherrie,  by  Schwarz. 

•  Urr'b  DidioDary  of  Arts  and  Mine*,  vol.  i.,  p.  735, 
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2.  The  materials  requisite  for  the  manufaiflure  of  good 
flre-brick  are  very  abundant  in  the  United  States.* 
Between  the  Alleghany  Mountains  and  the  shores  of  the 
Atlantic  Ocean  there  is  a  great  deal  of  fire-clay  ;  kaolin  also, 
the  result  of  the  decomposition  of  felspathtc  rocks,  is  veiy 
common  in  these  regions,  and  more  abundant  in  the  Southern 
than  in  the  Eastern  and  Northern  States.  In  the  region 
of  the  western  coal  deposits,  an  abundance  of  slaty  clay  of 
good  quality  is  found  in  the  lower  strata  of  the  formation,  of 
which,  in  Western  Pennsylvania,  iirst-rate  fire-bricks  are 
manufaiflured.  In  the  higher  strata  of  the  coal  basin, 
similar  veins  of  clay  are  found,  but  these  are  of  an  inferior 
quality,  and  offer  less  resistance  to  fire  than  the  former  kind. 
Fire-clay,  in  one  form  or  another,  abounds  also  in  all  the 
Western  States,  and  no  doubt  can  be  entertained  of  its 
being  found  in  profusion  on  the  western  side  of  the  Rocky 
Mountains. 

3.  The  clays  of  Belgiumt  occur  chiefly  in  the  coal  regions 
in  the  neighbourhood  of  Andenne;  they  are  plastic,  free  from 
coarse  sand,  and,  on  burning,  assume  a  yellowish  colour; 
they  also  require  for  their  full  contraction  a  less  high  tem- 
perature than  Scotch  clay.  The  best  kinds,  occurring  at 
Tahier  and  Mazet,  are  nearly  free  from  iron  ;  on  being  burnt 
they  become  greyish  or  remain  white,  and  attain  great  hard- 
ness ;  clay  of  second  quality  occurs  at  Maijseroul,  Haltinne, 
and  Andenne ;  it  is  less  plastic,  and  attains  a  yellowish  red 
colour,  on  account  of  the  larger  proportion  of  iron  which  it 
contains. 

Analyses  of  Belgian  Clays,  by  Coste. 


Tahier. 

Muet. 

Maiierou! 

H«]tmDe. 

Namur. 

Silica    . 

.      .      56-0 

52-0 

46-0 

40*0 

7179 

Alumina 

.      .      26-0 

25-0 

33*4 

25-0 

19-49 

Magnesia 

.      .        2-0 

trace 

I'O 

1-6 

0'o6 

Peroxide  0 

iron        — 

— 

— 

0-4 

0-85 

Alkalies 

,    .      — 

— 

— 

0-85 

Water  . 

.     .     14-0 

12-6 

i8-6 

15-0 

7'47 

Sand    . 

.      .        2*0 

9-8 

I'D 

i8'o 

0-85 

*  OvBRMAHN'a  Tr«atl«e  on  MetiUargy,  p.  3afi. 

i  B.  u.  h.  Ztg.,  1859,  pp.  31],  405.    Berggeist,  1839,  No.  4 
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Belgian  clay  is  sold  in  oblong  lumps,  each  weighing 
40  or  50  lbs. ;  the  price  on  board  ship  on  the  Rhine  is  about 
40  thalers,  or  £6,  per  10,400  lbs.  Prussian. 

4.  Rhenish  Clays*  from  Vallendar,  near  Coblenz,  and 
Mehlem  near  Konigswinter,  are  very  plastic,  and  frequently 
nearly  free  from  iron;  in  many  instances  they  can  replace 
the  English  and  Scotch  clays  ;  this,  however,  has  not  been 
the  case  in  the  manufa^ure  of  the  vessels  used  lor  distilling 
zinc. 

Analyses  0/  Rhenish  Clay, 

Vallendar.  Mehlem. 

Silica 55*46  77-32 

Alumina 3174  15-57 

Peroxide  of  iron  .     .     .     0-59  0-86 

Lime o'lg  trace 

Magnesia o"i4  0-13 

Potash 2-49  0-67 

Soda 0-68  0-63 

Water 9*37  5'6i 

5.  The  clay  from  Passaut  is  usually  mixed  with  graphite 
and  worked  into  crucibles  (Ypser  crucibles). 

The  following  analyses  show  its  composition  : — 

Analysed  by  Berthier.   Forch hammer.  FuchB.         Salvetat.     Leschen. 
Silica ....  42-4         43-30        43-65         45-79         42-4 
Alumina .     .     .  57-6         33-56        35-93         28-10         57-6 
Lime ....     —  lo-eo  o'88  2"oo  — 

Peroxide  of  iron     0-7         1    ^"  i"0O  6-55  0-7 

Water     ...    —         16-44        i8"oo        17-00  — 

6.  Clay  occurring  in  Hesse,t  in  Almerode,  for  instance, 
makes  excellent  crucibles,  and  has  the  following  composi- 
tion : — 

Berthier.  Salvetat. 

Silica 46-5  47*50 

Alumina 34-9  34'37 

Magnesia —  I'Oo 

Lime —  0-50 

Peroxide  of  iron    .     .     .  3-0  1-24 

Water 15-3  14-43 

•  B.  D.  h.  Ztg.,  1859,  pp.  313,  405.  Berggeist,  1859,  Not.  34,  71 1  1S60, 
No.  47. 

t  Beitkibr,  met.  analyt.  Ch.,  i.,  64.     Polyl.  Centr.,  1854,  p.  1444. 

*  Erdm.  J.  f.  pr.  Ch.,  iv.,  493.     Erdm.,  J.  f.  6k.  Cb.,  xviii.,  125. 
VOL.  Ill,  2    O 
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Clay  from  Knimnussbaum,*  on  the  Donau,  is  stated  to 
be  still  more  durable  for  bricks  and  crucibles  than  Hessian 
clay.  Sulphide  of  iron  melted  for  six  hours  in  crucibles 
formed  of  this  clay,  in  Sefstrom's  furnace,  did  not  cause  any 
waste  in  them,  while  Hessian  crucibles  were  much  corroded. 

7.  Clay  occurring  at  Schoningen.t  near  Usiar  (Hanover), 
is  similar  in  its  behaviour  to  English  clay,  and  has,  ac- 
cording to  Streng,  the  following  composition : — 

Silica 59'oi 

Alumina 24*26 

Magnesia 072 

Lime i"32 

Peroxide  of  iron 4*04 

Alkalies 1*20 

Water 10*24 

8.  Clay  occuring  in  the  triassic  formation  at  KipfendorfJ 
(Saxe-Coburg)  approaches  in  quality  the  clays  of  Newcastle 
and  Namur;  it  is  worked  in  admixture  with  one  or  two 
parts  of  burnt  clay  and  quartz  sand.  According  to  Fresenius, 
the  clay  is  composed  thus  : — 

Silica    ; 60*40  54"o6 

Alumina 24*09  26*99 

Peroxide  of  iron 3*70  2*73 

Lime 0-55  0-83 

Magnesia o'6i  0*82 

Potash 0*29  0*24 

Soda 0*22  o'33 

Water  and  organic  substances  .  io'6o  14*15 

Admixtures  for  the  Clay. — As  most  kinds  of  fire-clay 
strongly  contra<5t  and  crack  when  the  bricks  made  of  it  are 
dried  and  baked,  it  is  previously  mixed  with  refratftory  sub- 
stances, which,  without  reacting  chemically  upon  the  clay, 
expand  or  contract  but  little  on  being  heated,  and  do  not 
diminish  in  too  great  a  degree  the  plasticity  of  the  clay. 

Such  admixtures  are  : — 

a.  Coarse  Sand  and  Grains  of  Quartz. — The  latter  are 

*  Berggeitt,  1860,  No.  7. 

t  Minbeil.  dea.  Hsn.  Oew.'Ver.,  1S38,  p.  143  ;  1839,  pp.  410,  353. 

J  BcTggeiBt,  1S60,  No.  74,  p.  606. 
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obtained  by  burning,  pounding  or  rolling,  and  sifting  the 
quartz.  The  grams  must  not  be  too  small  (the  size  of  a  pea 
or  bean),  as  otherwise,  at  high  temperature,  the  silica  will 
rea<5t  chemically  upon  the  clay  and  impair  its  refradloriness. 
Grains  of  quartz  impair  the  plasticity  of  clay  more  than  sand. 
Burnt  and  pounded  clay  behaves  similarly  to  quartz,  but  at 
high  temperature  its  chemical  reaftion  upon  the  clay  is  less 
than  that  of  quartz  and  sand. 

The  clay  of  which  the  Hessian  crucibles  are  made  con- 
tains one-third  or  one-half  of  its  weight  of  fine  sharp  quartz 
sand.     The  Belgian  fire-bricks  are  composed  of  one  part  by 
volume  of  raw  clay  and  two  parts  of  burnt  clay- 
Good  fire-bricks  combine  great  hardness  and  strength ; 
they  also   possess   a   tenacity  which   prevents   them  from 
cracking  in  sudden  changes  of  temperature,  and  when  used 
for  masonry,  they  form   a  uniform  mass,  which,  at  a  corre- 
sponding temperature,  gradually  melts  off. 
Analyses  of  Refractory  C  Fire-proof  J  Mass  or  Composition. 
I.  II.        III.       rv.  V. 

54-63     47-98     71-0     70-9     85-00 
40-27     46-94     23-0     24-8     11-33 
1-03       —         —        _        _ 
1-53       2"32      —         —        — 
2-67       2'94       4-0       3'8       a'23 
I.  English  fire-brick,  analysed  by  Fresenius.      2.  The 
burnt  clay  contained  in  the  fire-brick.     3,  English  crucible, 
by  Berthier.     4.   Hessian  crucible,  by  Berthier.     5.  Fire 
brick  made  of  kaolin,  occurring  at  Halle,  by  Wackenroder. 
b.  Carbonaceous   Substances,  such  as   graphite,  coke, 
charcoal,  &c.     These  substances  are  especially  adapted,  as 
they  are  perfeftly  fire-proof  and  without  chemical  adtion 
They  are  used  less  in  admixture  with  the  clay  for  fire-bricks 
than  with  that  for  crucibles,  as  the  latter  are  chiefly  em^ 
ployed  for  melting  metals,  alloys,  and  cast-steel.* 

Graphite  is  not  consumed  by  the  ordinary  fire  to  which 
crucibles  are  exposed,  and  this  behaviour  makes  it  preferable 
to  any  other  carbonaceous  substances. 

*  Erdm.,  J.  f.  5k.Ch.,  ii.,  108,  399;  xiii.,  3C3.  B.  u.  h.  Ztg.,  1845,  p.  433. 
OesteiT.  Ztschr.,  i8j6,  p.  345. 
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The  crucibles  made  at  Passaa  consist  of  one  part  of  plastic 
clay  (analysis  on  page  561)  and  three  or  four  parts  of  gra- 
phite, occurring  in  that  neighbourhood  in  gneiss,  in  the  form 
of  nests,  layers  and  veins.  It  contains,  according  to  Ber- 
thier,  the  following  components : — 

Carbon 34 

Silica /I 

Alumina 15 

Peroxide  of  iron 8 

Magnesia  and  water z 

It  is  necessary  that  the  graphite  employed  should  be  as 
free  as  possible  from  substances  (peroxide  of  iron,  lime,  &c.,) 
which  impair  the  refradtoriness  of  the  clay.  On  a  small 
scale,  the  graphite  may  be  freed  from  these  substances  by 
heating  it  with  two  parts  in  volume  of  potash  or  soda,  and 
by  treating  the  residue  with  dilute  acids.* 

Coke  and  charcoal  are  likewise  used  as  admixtures  to  the 
clay,  but  only  in  smaller  quantities.  An  excess  of  these 
substances  renders  the  clay  friable  and  porous,  and  the 
carbon  contained  in  them  is  more  easily  combustible  than 
that  contained  in  graphite.  The  crucibles  used  at  Uslar 
(Hanover)  for  melting  steel  are  made  of  a  mixture  consisting 
of  9  parts  raw  clay  from  Schoningen  (page  562),  14  parts 
of  burnt  clay,  and  6  parts  of  charcoal. 

c.  The  clay  is  sometimes  also  mixed  with  very  refraftory 
minerals,  such  as  balloisitet  (Al^Oj,  SiOj  +  Al^O^,  HO), 
magnesite  in  burnt  and  pounded  state  (magnesite  bricks  are 
employed  in  Styria  in  the  construction  of  blast  and  puddling 
furnaces),  serpentine  (Styria),  &c. 

C.  ARTIFICIAL  STONES  OP  LESS  REFRACTORINESS. 

I.  Common  Bricks^  made  of  clay  (loam)  containing  lime, 
peroxide  of  iron,  and  alkalies.  Unbaked  bricks,  made  of 
pounded  clay  slate,  ||  are  sometimes  employed  at  the  smelting 

*  Paljt.  Centr..  iSjj,  p.  1404.    OeBten-.  Ztacbr.,  1S55,  p.  355. 
t  B.  u.  h.  Ztg.,  1860,  p.  394. 
t  Polyt.  Ceotr.,  1847,  p.  1301. 

II  Kbrl,  Oberh.  Haiunpr.,  i86o,p.  270.  Dikqi..,  cxiii.,  133.  Poljt.  Centr.. 
1847,  p.  1301. 
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works  in  the  Upper  Hartz  ;  these  bricks  are  then  baked  or 
burnt  in  the  sineiting  process  itself.  Bricks  which,  on  baking, 
have  commenced  to  melt,*  are  well  adapted  for  roasting  ap- 
paratus, but  less  so  for  smelting  furnaces,  as  they  are  liable 
to  crack  when  exposed  to  higher  temperature. 

3.  Bricks  made  of  Slag. — Highly  sllicated  viscous  slags 
are  sometimes  formed  into  bricks  in  suitable  moulds,  and 
these  bricks  are  employed  for  constnit^ing  those  parts  of  the 
furnaces  in  which  very  high  degrees  of  temperature  are  not 
produced.  Bricks  of  this  kind,  made  of  slag  which  has  re- 
sulted from  lead  smelting  furnaces,  are  used  at  the  Uppfr 
Hartzt  for  the  construdtion  of  cupola  furnaces  for  smelting 
lead  ores  and  lead  matt.  The  shaft  of  sqme  Swedish  iron 
blast  furnaces:^  treating  easily  fusible  ores  is  also  partially 
constructed  of  bricks  made  of  slag,  with  the  exception  of  the 
upper  part  of  the  shaft,  which  is  most  strongly  attacked  by 
the  frequent  changes  of  temperature. 

D.     RAW     CLAY     MIXED     WITH     QUARTZ     OR     BURNT 
CLAY. 

This  mixture  is  termed  the  mass,  and  is  frequently  em- 
ployed in  the  construdlion  of  the  hearth  or  the  boshes,  and 
indeed  of  both,  in  the  iron  blast  furnaces  of  France,  Sweden,|| 
Silesia,§  Hartz,Y[  &c.  Although  in  the  construdtion  of  a 
furnace  hearth  by  means  of  "  mass,"  more  time  is  required 
than  when  stones  are  employed,  the  use  of  this  mixture  is 
frequently  very  advantageous  in  an  economical  point  of 
view. 

The  "  mass  "  is  composed  of  the  constituents  of  the  fire- 
bricks, with  this  difference,  viz.,  that  the  burnt  clay  or 
quartz  is  sometimes  employed  in  larger  pieces  of  the  size  of 
a  nut,  in  order  to  prevent,  as  much  as  possible,  the  contrac- 
tion of  the  mass. 

■  Berlin.   Handel't  Induitrie-  nod  Qewerbebliittct,  iv.,  305. 

t  Kekl.  Oberh.  Huttenpr.,  1S60,  p.  373. 

J  B.  a.  h.  Ztg..  1857.,  p.  li?. 

II  TuNHER,  Eiienhuttenwesen  in  Schweden,  1856,  p.  31. 

^  Karst.,  Arch.,  i  R.,  ii.,  176.     B.  a.  h.  Ztg.,  1160,  p.  393. 

H  Carnall's  PreDSR.  Zttchr.,  ii.  Bd.,  3  Lief.,  p.  136  (1S54). 
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The  mass  employed  in  the  Swedish  Iron  Works  is  com- 
posed of  raw  fire-clay  and  burnt  and  powdered  quartz  ;  the 
division  of  the  quartz  varies  from  the  fioest  sand  to  the  size 
of  a  pea ;  the  composition  used  for  the  lower  parts  of  the 
furnace  hearth  contains  one-tenth  or  one-eighth  of  powdered 
clay,  and  nine-tenths  or  seven-eighths  of  quartz,  while  that 
for  the  upper  parts  is  composed  of  a  quarter  or  one-third  of 
pounded  clay,  and  three  quarters  or  two-thirds  of  quartz. 

The  mass  used  for  constructing  the  furnace  hearth  at 
Gittelde  in  the  Hartz,  contains  four  parts  by  volume  of  quartz, 
and  one  part  of  clay,  that  is  for  construiiting  those  parts  of 
the  hearth  walling  which  face  the  inside  of  the  furnace, 
whilst  the  mass  joining  the  rough  walling  of  the  furnace 
consists  of  five  parts  by  volume  of  quartz,  and  one  part  of 
clay.  The  quartz  used  in  the  mixture  has  the  following 
composition ; — 

Silica 93*83 

Peroxide  of  iron Z'lg 

Alumina 1*55 

Per-  and  protoxide  of  manganese     .     i*tJo 

Lime o-gz 

Magnesia 0*41 

The  clay  employed  contains : — 

Silicate  of  alumina 95*0 

Carbonates  of  lime  and  magnesia    .       I'o 
Protoxides  of  iron  and  manganese  .       i'3 

Water 2*4 

In  smelting  iron  ore  mixtures  rich  in  silica,  Weniger* 
recommends  a  mixture  of  four  parts  of  pure  quartz  sand  from 
the  size  of  millet  up  to  that  of  a  pigeon's  egg,  one  part  of 
fire-clay,  and  one  part  of  old  mass,  or  of  coarsely  pounded 
fire-bricks,  and  a  mass  composed  of  one  part  pure  raw  clay, 
one  part  of  quartz  sand,  and  four  parts  of  burnt  clay  when 
smelting  ore  mixtures  containing  a  prevailing  amount  of 
alumina. 

The  roofs  of  the  distilling  furnaces  in  the  zinc  works  of 
Upper  Silesiat  are  always  construdled  of  a  mass  composed 

*  Wehiger,  pradl.  Schnidzmeister,  p.  8g. 

f  Kerl,  in  MuspRATT-SiOHMAMHs  teth.  Chem.,  iii.,  1900. 
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of  one  part  of  Polontan  clay  and  two  parts  of  sand ;  the  fire- 
places are  Bometimes  built  in  the  same  manner. 

The  hearth  of  the  blast  furnace  (Friedauhohofen)  near 
Vordemberg,  is  constructed  of  mass  composed  of  four  parts 
of  powdered  serpentine  and  one  part  of  fire  clay. 

In  preparing  the  "  mass,"  the  components  are  mixed  either 
in  a  dry  state,  and  then  wetted  to  such  a  degree  that  on 
being  strongly  pressed  they  will  form  bails,  or  the  clay  is 
stirred  with  hot  water,  so  as  to  form  a  paste,  which  is  thrown 
on  the  pounded  quartz,  and  mixed  with  it.  The  mixture  is 
not  sticky  and  rather  dry,  and  in  forming  the  hearth  or 
furnace-part,  for  which  the  mixture  is  intended,  it  is  stamped 
into  thin  layers  with  warmed  pounders  after  the  surface  of 
the  previous  layer  has  bftn  made  rough. 

Fire-Proof  Cement. 

Fire-proof  stones  are  frequently  joined  together  without 
any  cement  being  employed,  as  it  is  sufficient  to  put  the 
well  dressed  stones  into  their  places,  or  to  grind  them  one 
upon  another.  When  cement  is  required,  good  loam  or  clay 
may  be  employed,  if  the  walling  is  not  exposed  to  high  tem- 
peratures. Fire-proof  cement  is  best  prepared  of  a  mass 
which  has  a  composition  similar  to  that  of  the  fire-bricks, 
except  that  it  is  kept  somewhat  more  plastic  and  of  thinner 
consistency. 

A  suitable  mass  of  this  kind  is  a  mixture  of  one  part  of 
finely  sifted  quartz  sand,  two  parts  of  old  pounded  mass,  used 
in  the  construction  of  furnace  hearths,  and  one  part  of  clay. 
Weniger  recommends  that  the  tuyeres,  before  being  put  into 
their  places  in  the  furnace  walling,  should  be  coated  with  a 
mixture  of  clay,  pounded  plumbago  crucibles,  and  fine  sand, 
or  a  compound  of  fresh  graphite  and  pounded  clay  crucibles ; 
this  mixture  is  then  formed  into  a  paste  by  the  addition  of 
clay  water. 

If  cement  is  employed,  the  bricks  are  plunged  into  it,  and 
the  superabundant  cement  is  allowed  to  flow  off.  To  pro- 
tect the  stones  against  the  diredt  adlion  of  the  fire,  they  are 
brushed  with  a  glazing  mass,  consisting  of  three  parts  of 
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dry  loam  and  one  part  of  common  salt,  which  is  formed  into 
a  thin  paste  by  being  mixed  with  weak  vinegar. 

Lime  mortar  is  not  employed,  as  a  high  temperature  does 
not  harden  it ;  gypsum  mortar  easily  fuses. 

Refradlory  Loose  Masses  for  the  Formation  of 
Smelting  Hearths. — The  smelting,  &c.,  of  ores,  is  seldom 
direftly  effedled  on  the  refractory  stones  of  the  walling,  as 
is  the  case  in  iron  blast  furnaces,  in  roasting- reverberatory 
furnaces,  &c. ;  the  refradlory  stones  which  form  the  sole  of 
the  furnace  are,  moreover,  provided  with  a  special  cover. 
This  cover  must  have  the  property  of  not  becoming  Suid  or 
of  cracking,  at  the  temperature  which  the  process  requires, 
besides  which  it  must  readt  as  little  as  possible  upon  the 
smelting  mass. 

The  following  substances  answer  the  purpose  more  or 
less  efficiently : — 

I.  Brasque  or  Gestiibbe,  that  is  to  say  charcoal,  coke, 
graphite,  or  anthracite  powder  mixed  with  clay  (loam)  or 
clay  slate.  Charcoal  powder  and  clay  are  mixed  in  variable 
proportions,  according  to  the  purpose  for  which  it  is  intended. 
One  kind  consists  of  equal  parts  of  both  substances,  another 
has  a  prevailing  amount  of  clay,  and  in  a  third  there  is  a  large 
proportion  of  charcoal  powder.  The  latter  kind  resists  the 
influence  of  sulphides  better  than  GestUbbe  rich  in  clay,  but 
it  wastes  more  both  by  mechanical  means  and  by  combus- 
tion. An  addition  of  marl,  sand,  or  pounded  sandstone, 
renders  the  brasque  more  refra<5tory.  Coke  and  anthracite 
when  present  in  a  smaller  quantity  than  charcoal,  render 
the  hearth  more  durable  than  the  latter  fuel.  The  brasque 
formerly  used  at  the  smelting  works  in  Freiberg,  consisted 
of  equal  parts  of  small  charcoal  and  loam,  it  is  now  replaced 
by  a  mixture  consisting  of  two  parts  of  powdered  coke  and 
one  part  of  loam.  At  the  lead  and  silver  smelting  works 
on  the  Upper  Hartz,  the  brasque  employed  for  most  processes 
is  composed  of  one  part  of  powdered  clay  slate,  and  two  of 
small  charcoal ;  equal  parts  of  these  substances  are  employed 
in  the  process  of  reducing  lithat^e.  The  brasque  commonly 
used  in  the  L^wer  Hartz  consists  of  equal  parts  of  small 
charcoal  and  loam ;  when  black  copper  is  submitted  to  an 
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oxidising  smelting  in  reverberatory  furnaces,  two  parts  of  it 
are  mixed  with  one  part  of  marl,  and  in  refining  copper  on 
a  small  hearth  some  sand  is  added  to  the  brasque.  In  the 
copper  smelting  furnaces  at  Boston,*  the  Gestubbe  consists 
of  equal  parts  of  quartz  sand,  clay,  and  anthracite. 

It  proteAs  the  furnace  walling  from  the  attack  of  the 
liquid  slag ;  it  facilitates  the  removal  of  deposits,  being  a 
bad  condudtor  of  heat ;  it  concentrates  the  temperature,  and, 
on  account  of  its  carbon,  it  has  reducing  properties,  and 
will,  of  course,  gradually  waste,  but  it  is  easily  renewed. 

The  preparation  of  this  mixture  is  effedled  by  pounding 
or  otherwise  mixing  the  sifted  substances,  and  afterwards 
wetting  them  with  just  sufficient  water  to  cause  them  to 
form  balls  on  being  pressed. 

3.  Clay,  Clay  Slate,  and  Loam,  in  a  moist  state,  are 
sometimes  employed  by  themselves  when  an  admixture  of 
coal  is  not  admissible.  Hearths,  &c.,  formed  of  these 
materials  are  liable  to  crack,  and  require  to  be  warmed  very 
carefully  (smelting  of  lead  ores  in  reverberatory  furnaces). 
The  hearth  sole  of  the  reverberatory  furnaces  at  Schmollnitz, 
used  for  fining  copper,  is  composed  of  50  per  cent  of 
quartzose  clay  slate,  33  per  cent  of  talcose  slate,  and  17  per 
cent  of  a  mass  suitable  for  the  manufafture  of  common 
bricks. 

3.  Quartz  Sand  is  chiefly  employed  in  the  reverberatory 
furnaces  which  are  used  for  smelting  copper.     The  sand 
employed  at  the  copper  works  of  South  Wales,  has,  ac- 
cording to  Le  Play,  the  following  composition  : — 
SiO, 


CaO 


57 


MgO 

Al,Oj 1-6 

Fe^Oj V2 

CO, 4-5 

HO trace 

The  sole  of  the  cupola  furnaces  used  at  Dillcnburg  for 
smelting  nickcliferous  pyrites  is  covered  with  pounded  fire- 
proof sandstone. 

*  B.  u.  h.  Ztg.,  1859.  p.  324. 
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4.  Slag  is  employed  for  forming  the  hearth  of  puddling 
furnaces. 

5.  Lixiviated  Wood  Ash  rich  in  Lime*  was  formerly  in 
'  very  general  use  for  the    formation  of  the  hearths  of  lead 

cupelling  furnaces.  At  the  present  time,  however,  this 
material  is  mostly  replaced  by  marl,  which,  owing  to  its  uni- 
form quality,  enables  the  process  to  be  conduifled  with  greater 
security.  It  imbibes  less  oxide  of  lead  and  silver  on  account 
of  its  greater  compactness,  and  admits,  therefore,  of  a  greater 
yield  of  these  metals.  The  chief  components  of  lixiviated 
wood  ash  are  caustic  lime,  carbonate  of  lime,  and  magnesia, 
combined  with  phosphoric  acid,  silica,  and  carbonic  acid. 
If  the  wood  ash  contains  too  much  alumina,  the  hearth  is 
liable  to  crack. 

Admixed  carbonaceous  components  must  be  removed  by  a 
previous  heating.  The  ash  of  beech,  wood  forms  the  best 
material  for  the  construiflion  of  hearths. 

Wood  ash  suitable  for  the  construiflion  of  hearths  of  cupel- 
ling furnaces,  consists  of — 

Carbonate  and  caustic  lime.     66 — 70  per  cent 

Silica 17 — 21        „ 

Alumina 10 — n         ,, 

Peroxide  of  iron     ....      2 —  4        „ 

6.  Marl  is  essentially  carbonate  of  lime  intermixed  with 
clay  and  sand  in  variable  proportions ;  it  is,  therefore,  classi- 
tied  into  lime,  clay,  and  sand  marl,  according  to  the  com- 
ponent which  predominates. 

Marl  was  employed  in  lead  cupelling  furnaces  in  Tajowa 
(Hungary)  as  far  back  as  the  years  1803  and  1804.  It  was 
used  at  Przibram  in  1806;  at  Tamowitz  in  1813  ;  at  Frei- 
berg in  1815  ;  in  the  Lower  Hartz  in  iSzS  ;  and  some  years 
later,  in  the  lead  works  of  the  Upper  Hartz. 

Good  marl  used  at  the  latter  place  has  the  following  pro- 
perties : — Large  pieces  of  it,  on  exposure  to  the  air,  disin- 
tegrate, and  fall  into  pieces  of  the  shape  of  a  parallelopiped. 
It  has  a  conchoidal  fradlure,  is  smooth  to  the  touch,  sticks 
slightly  to  the  tongue,  and  when  exposed  to  the  atmosphere 

■  Kbxl,  Oberh.  Hiiitenprocesse,  1S60,  p.  aSs.     Esdm.,  J.  f.  pr.  Ch.,  Ixiii.,  51. 
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for  a  long  time,  its  surface  has  a  black  or  yellow  colour. 
Its  compositioQ  is  as  follows  : — 


SiO,     .     . 

Fe,Oj  . 
CaO,  CO, . 
MgO,  CO,. 


21*33 — 22-24  per  cent 

5"39—  676 

3-54—  5*39 
65*65 — 6o*4i         ,, 

1*05 —  2*23  „ 


Marl  containing  a  large  amount  of  alumina  causes  the 
hearths  to  crack,  and  those  hearths  in  which  a  large  amount 
of  lime  prevails  have  little  consistency,  besides  which,  they 
evolve  a  great  deal  of  carbonic  acid,  thus  becoming  blebby. 
Native  marl  may  frequently  be  improved  by  mixing  the 
various  kinds  of  it,  or  by  an  addition  of  clay  or  lime ;  marl 
may  also  be  produced  artificially  by  mixing  three  or  four 
parts  by  volume  of  lime  with  one  part  of  clay.  Before  being 
used,  the  marl  is  pounded,  sifted,  and  uniformly  wetted  with 
just  so  much  water,  that,  when  pressed  by  the  hand,  it  forms 
a  ball  without  giving  off  any  moisture. 

7.  Bone  Ash  is  usually  employed  for  the  formation  of 
hearths  in  English  cupelling  furnaces,  furnaces  for  fining 
silver,  &c.  It  is  obtained  by  burning,  crushing,  and  elutri- 
ating bones.  Its  chief  components  are  phosphate  and  car- 
bonate of  lime  in  unequal  proportions,  with  which  small 
quantities  of  phosphate  of  magnesia,  sulphate  of  soda,  fluoride 
of  calcium,  &c.,  are  intermixed. 
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SUPPLEMENT. 


The  following  supplementary  chapter  contains  theoretical 
and  praflical  papers  on  metallurgical  subjedls,  which  have 
been  published  since  the  foregoingwas  written.  It  has  been 
thought  advisable  to  reproduce  them  here,  as  they  elucidate 
the  present  state  of  metallurgical  science. 

THE  CHEMISTRY  OF  THE  BLAST  FURNACE. 

By  I.  LowTHiAN  Bell.* 

On  being  honoured  by  the  President  and  Council  of  this 
Society  to  deliver  to  its  members  an  address  on  some  branch 
of  applied  chemistry,  I  have  selected  the  blast  furnace  as  a 
subjedt  replete  with  interest,  and  in  the  hope  that  the  oppor- 
tunities I  have  enjoyed  for  many  years  as  an  iron  manufac- 
turer may  justify  the  choice  I  have  made. 

The  ground  to  be  gone  over  has,  it  is  true,  been  already 
travelled  by  many  distinguished  chemists  during  the  last 
forty  years,  but  possibly  it  may  interest  those  whom  I  have 
the  honour  of  addressing,  to  heaf'how  far  the  experience  of 
a  pradtical  smelter  accords  with  the  views  of  scientific  men, 
whose  means  of  observation  have  necessarily  been  more 
limited  in  their  duration  and  charadter  than  his  own. 

All  present  have  probably  witnessed  the  various  operations 
carried  on  in  conne<5lion  with  the  smelting  of  iron  in  a  blast 
furnace.  Into  the  throat  of  a  great  building  large  barrows 
of  rough-looking  materials  are  shot  by  powerful  men.    At 

*  The  Journal  of  the  Chemical  Society,  June,  iS6g. 
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the  lower  portion  of  the  edifice,  matters  are  conduced  upon 
a  scale  of  corresponding  rudeness.  At  three  sides  a  roaring 
blast  is  being  poured  into  the  furnace,  while  from  the  fourth, 
running  almost  incessantly,  is  a  current  of  highly  heated 
slag,  which  is  dealt  with  in  the  roughest  of  fashions. 

Generally  without  any  proteAion  frora  the  weather,  the 
"keeper"  is  occupied  in  moulding  his  "pigs"  in  coarse 
sand,  or  in  maintaining  his  blast-pipes  free  ^m  all  obstruc- 
tion, until  the  time  arrives,  when,  by  mighty  blows,  he  drives 
in  the  tapping  bar  in  order  to  afford  an  exit  for  the  molten 
iron  destined  to  fill  the  rude  spaces  prepared  for  its  reception. 

When  everything  seems  forced  into  obedience  by  intense 
heat  or  violent  exertion,  there  is,  one  might  think,  nothing 
left  for  milder  treatment  to  accomplish ;  yet  notwithstanding 
all  appearance  to  the  contrary,  there  are  few  chemical  pro- 
cesses requiring  for  their  proper  operation  greater  nicety,  or 
where  perfedl  success  is  contained  within  narrower  limits 
than  the  smelting  of  iron. 

In  a  few  words,  I  may  remind  you  that  the  ends  sought 
to  be  accomplished  in  the  blast  furnace  are  the  deoxidation 
of  the  peroxide  of  iron,  which  is  the  usual  form  of  combina- 
tion in  which  the  metal  is  delivered  to  the  smelter,  its  car- 
burisation  and  fusion  ;  accompanying  this  is  the  expulsion 
of  carbonic  acid  from  the  limestone,  and  the  union  of  the 
lime  it  contains  with  the  earthy  matters  associated  with  the 
ore  and  fuel  to  form  a  fusible  slag. 

In  this  brief  description  the  fuel  employed  is  supposed  to 
be  coke  or  charcoal ;  for  should  raw  coal  be  used,  the  hydro- 
carbons and  other  volatile  constituents  emitted  on  the  appli- 
cation of  heat  may  be  left  out,  as  forming  no  necessary  part 
of  the  process  we  are  about  to  consider. 

The  circumstances  of  the  different  stages  of  the  operation 
to  which  allusion  has  just  been  made,  being  effected  at  dif- 
ferent temperatures,  has  led  some  chemists  to  divide  the 
interior  of  the  blast  furnace  into  a  certain  number  of  spaces 
or  regions,  and  designate  them  according  to  the  charai5ler 
of  the  aflion  which  was  supposed  to  be  carried  on  therein. 
Scheerer,  among  others,  assigns  a  distinA  zone,  in  which  he 
imagines  that  each  of  the  various  steps  of  the  process  of 
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smelting  is  more  or  less  eEFeiited.  The  uppermost  one  he 
calls  the  warming  zone,  in  which  the  ascending  current  of 
gases  imparts  a  portion  of  its  heat  to  the  materials  just 
entering  the  furnace ;  the  second  is  the  reducing  zone,  where 
the  oxide  of  iron  begins  to  part  with  its  oxygen,  and  in  which 
also  the  carbonic  acid  of  the  limestone  is  expelled  ;  in  the 
third,  carbon  is  supposed  to  unite  with  the  iron,  which, 
along  with  the  earthy  constituents  of  the  materials,  is  melted 
in  the  fourth  or  zone  of  fusion,  by  means  of  the  intense  heat 
given  off  immediately  below  in  the  fifth,  or  zone  of  combus- 
tion. It  is  into  the  last  zone  that  the  blast  is  admitted,  the 
oxygen  of  which  is  almost  instantaneously  converted  into 
carbonic  acid,  which  gas,  coming  in  contadl  with  incan- 
descent coke  or  charcoal,  as  the  case  may  be,  generates 
carbonic  oxide  to  serve  as  the  reducing  agent  in  the  upper 
portion  of  the  furnace. 

The  annexed  figure  will  convey  an  idea  of  the  manner  in 
which  Scheerer  conceived  the  interior  of  a  furnace  was 
divided,  and  the  space  he  allotted  to  each  division  of  the 
operation,  and  alongside  of  it  is  placed  a  diagram  indicating 
the  supposed  increase  of  temperature. 

More  recently  Professor  Tunner,  of  Leoben,  has,  by  means 
of  different  alloys  and  various  metals,  attempted  to  determine 
the  temperatures  of  two  furnaces  in  Carinthia,  and  this  dis- 
tinguished metallurgical  chemist  further  endeavoured  to 
ascertain,  by  ai5lual  exposure  of  ore  at  different  depths  of  the 
furnace,  the  exadt  point  at  which  reduAion  began,  and  the 
various  degrees  of  rapidity  with  which  it  was  eEfedled.  This 
he  accomplished  by  employing  a  small  iron  box,  with  the 
top  and  bottom  provided  with  apertures,  so  that  a  portion 
of  the  gaseous  contents  of  the  furnace,  passing  through  its  in- 
terior, might  heat  and  then  deoxidise  any  ore  placed  therein. 

This  apparatus  was  introduced  into  the  furnace,  and  per- 
mitted to  descend  to  different  depths  along  with  the  usual 
materials,  and  was  then  drawn  up  by  means  of  a  windlass. 
A  series  of  such  trials  led  to  the  Professor  laying  down  a 
diagram  of  the  rate  of  reduAion  observed,  which  it  would 
appear  barely  commenced  at  a  temperature  of  680°  C. 
(1265"  F.) 

VOL.  III.  2   P 
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The  sketch  here  is  copied  from  Professor  Tunner's  de- 
scription of  the  experiments  he  condudled.  In  the  figure 
the  line,  a,  b,  c,  marks  his  ascertained  zone  of  reduction, 
and  d,  e,/,  the  region  of  carburisation.  Alongside  of  it  is  a 
digram  compiled  from  his  results,  to  show  the  different 
temperatures  at  various  depths  of  the  furnace,  as  obtained 
by  means  of  the  alloys  and  metals,  the  fusing  points  of 
which  were  previously  ascertained. 

Fig.  io6. 


CarbHrising  Zone. 
feet  rrom  top.    Depth,  g  Teet. 

ZoHt  o/Futian. 
feet  from  top.    Depth,  6  feet. 
Zone  of  ConibuslioH. 
a.  Depth,  4  feel. 


It  will  be  observed  that  Professor  Tunner  marks  a  depth 
of  about  20  feet  from  the  throat  as  the  commencement  of 
the  process  of  reduiSion,  which  was  reached  seventy  minutes 
after  the  ore  was  introduced  into  the  furnace,  and  at  which 
the  temperature  was  as  high  as  700°  C.  (1293°  F.) 

I  am  not  acquainted  with  the  means  Scheerer  employed 
to  obtain  the  data  upon  which  he  construdted  his  diagram, 
but  it  will  be  observed  there  is  a  marked  difference  between 
the  views  of  this  chemist  and  those  just  described. 

Upon  Scheerer's  figure  I  have  laid  down,  for  the  sake  of 
comparison,  the  curved  lines,  a,  b,  c,  end  d,  e,f,  to  mark  the   - 
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beginning  of  the  reducing  and  carburising  zones,  according 
to  the  principle  adopted  by  Professor  Tunner. 

Ebelmen,  at  Clerval,  in  France,  by  means  of  apparatus 
similar  to  that  employed  by  Tunner,  ascertained  that  reduc- 
tion commenced  at  a  depth  of  8-2  feet  from  the  top,  after  the 

Fig.  107. 


.Commencement  of  redufiiou. 


Commencement  of  carburiMtion. 


ore  had  been  two  hours  in  the  furnace,  and  that  it  was  com- 
pleted at  a  depth  of  18-9  feet  from  the  throat  after  an  expo- 
sure of  6  hours  25  minutes,  by  which  time  incipient  fusion 
had  set  in.  The  line,  a,  h,  c,  represents  in  the  adjoining 
sketch  the  rate  of  reduiftion  as  observed  by  Ebelmen,  and 
d,  e,  f  wiirij6  something  like  the  upper  limit  of  his  supposed 
zone  of  carburisation. 

My  own  experience  leads  me  to  question  whether  any  such 
lines  of  demarcation  as  those  described  by  the  authorities 
just  quoted  can  be  laid  down  in  any  blast  furnace,  because 
to  do  this  within  any  reasonable  limits,  would  require  that 
each  fragment  of  ironstone  is  descending  with  the  same 
speed  as  all  those  introduced  at  the  same  time,  and  that 
every  piece  is  susceptible  of  being  deoxidised  as  rapidly  as 
2  p  2 
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the  remainder.  Now  neither  of  these  conditions  prevails  ; 
on  the  contrary,  the  very  reverse  is  known  to  take  place. 
The  friction  of  the  materials  against  the  sides  of  the  furnace, 
particularly  when  they  reach  the  slopes  immediately  above 
the  tuyeres,  retards  considerably  the  descent  of  those  portions 
exposed  to  its  influence.  This  is  a  recognised  fai5t  within 
the  observation  of  every  furnace  manager,  who  knows  that 
any  change  in  the  relative  proportions  of  the  minerals  does 


not  make  its  presence  felt  at  the  lower  part  of  the  furnace 
with  all  the  suddenness  with  which  it  was  made  at  the  top  ; 
but  the  alteration  in  the  working  takes  place  somewhat 
gradually,  as  if  the  first  charges  of  the  change  presented  the 
apex  of  a  cone. 

The  uniform  motion  of  the  mass  downward  is  further  liable 
to  considerable  disturbance  by  the  smaller  pieces  of  ironstone 
outrunning  the  larger,  by  slipping  through  openings  in  the 
contents  of  the  furnace,  a  mode  of  progress  which  cannot 
happen  with  those  of  larger  dimensions. 

The  correftness  of  this  supposed  interference  of  a  uniform 
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downward  motion  of  the  materials  in  a  blast  furnace,  was 
confirmed  experimentally  by  the  elder  Tunner,  who  filled 
one  with  a  given  quantity  of  charcoal  before  he  put  in  any 
ore,  and  also  at  the  same  time  placed  in  difi'erent  positions 
in  a  given  horizontal  seftion  pieces  of  marked  wood.  Instead 
of  lighting  the  furnace  when  it  was  thus  filled  to  the  top, 
Tunner  drew  out  its  contents  by  manual  labour,  by  which 
means  he  ascertained  that  portions  of  the  ore  arrived  at  the 
bottom  in  little  more  than  one-third  of  the  time  occupied  by 
the  charcoal  introduced  at  the  same  period.  In  like  manner 
the  marked  pieces  of  wood  placed  near  the  middle  of  the 
furnace  came  down  much  more  rapidly  than  those  which  had 
been  retarded  by  rubbing  against  the  wall  of  the  stnidture. 

Again,  the  size  of  the  pieces  of  ironstone  exercises  a 
marked  influence  on  the  rapidity  of  the  chemical  aiftion, 
which  the  oxide  of  iron  has  to  undergo  during  its  passage 
through  the  upper  portion  of  the  furnace  :  supposing,  there- 
fore, two  pieces  of  ore  to  be  travelling  side  by  side,  one  con- 
taining a  cubic  inch  of  matter,  and  the  other  a  cubic  foot, 
the  metal  in  the  former  will  be  nearly  perfectly  reduced 
almost  before  any  aftion  has  commenced  on  its  neighbour. 
In  like  manner  the  expulsion  of  the  carbonic  acid  from  the 
limestone  will  be  greatly  retarded  by  the  size  in  which  this 
mineral  is  employed  in  the  process  of  smelting. 

The  same  delayed  a^on  will  happen,  if  a  considerable 
quantity  of  small  material  is  permitted  to  accumulate  in  a 
given  portion  of  the  interior  of  the  furnace ;  indeed,  there  is, 
perhaps,  no  circumstance  which  more  frequently  deranges 
the  operation  than  this,  unless  special  precautions  are 
adopted  to  prevent  its  occurrence.  Tipping  the  materials 
into  one  side  of  a  furnace,  by  which  the  greater  portion  of 
the  fuel,  and  the  larger  pieces  of  ore  and  limestone,  run  to 
that  opposite,  never  fails  to  atft  in  a  most  prejudicial  manner. 
I  have  seen  furnaces  have  their  weekly  make  increased  by 
nearly  one-half,  and  their  consumption  of  fuel  economised 
to  an  extent  of  30  per  cent  by  simply  altering  the  mode  of 
charging.  Upon  another  occasion  the  throat  of  the  furnace 
was  reduced  from  a  diameter  of  4J  feet  to  one  of  3  feet.  The 
eileA  of  this  was  concentrating,  as  it  were,  the  smaller  pieces 
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into  a  column ;  because,  as  soon  as  the  materials  reached 
the  wider  part  of  the  furnace,  the  larger  fragments  would 
roll  to  the  outside.  This  column,  more  or  less  unbroken, 
would  descend  to  the  hearth,  and  From  its  impervious 
character,  in  an  imperfet^ly  deoxidised  condition.  This 
gives  rise  to  a  cooling  action  in  that  part  of  the  furnace 
where  the  heat  is  required  to  be  the  most  intense,  and  unre- 
duced oxide  of  iron,  ailing  as  a  base,  enters  into  the  com- 
position of  the  slag,  and  thus  causes  a  loss  of  metal,  as  well 
as  a  deterioration  in  the  quality  of  the  produift.  It  is, 
perhaps,  worthy  of  remark,  that  a  temperature  represented 
by  2,000  units  per  minute,  according  to  the  French  scale,  is 
sufficient  to  reduce  the  quality  of  the  iron  one  number  in 
the  scale.  When  it  is  remembered  that  this  represents  only 
about  2  lbs.  of  coke,  the  assertion  that  the  smelting  of  iron, 
in  spite  of  its  apparent  roughness,  is  a  somewhat  delicate 
operation,  will  scarcely  be  considered  as  an  exaggeration. 

The  information  which  is  sought  to  be  obtained  respedting 
the  temperature  of  the  diiTerent  sections  of  a  furnace  is 
attended  necessarily  with  considerable  difficulty.  The 
materials  which  occupy  the  interior  are  difficult  of  penetra- 
tion, and  the  temperature  itself  is  so  high  as  to  offer  serious 
obstacles  to  its  estimation ;  there  are,  besides,  constant 
changes  in  the  charaiSer  of  the  chemical  atflion,  which 
necessarily  will  cause  corresponding  changes  in  the  tempera- 
ture of  any  particular  locality.  These  variations  may  be  in- 
creased from  alterations  in  the  direction  of  the  current  of 
heated  gases,  as  they  meet  with  greater  or  less  opposition 
to  their  progress,  and  the  nature  of  the  fuel  itself  may,  by 
the  increased  power  its  texture  may  confer  on  it  of  decom- 
posing carbonic  acid,  all  tend  to  complicate  the  question. 

Tunner  and  Ebelmen's  mode  of  judging  of  the  rate  of  the 
reduiition  might  be  accepted  as  an  indication  of  what  it  is 
under  the  most  favourable  circumstances  as  to  size,  inas- 
much as  in  their  apparatus  of  limited  capacity  they  only 
introduced  pieces  of  ore  having  very  small  dimensions.  The 
very  circumstance,  however,  of  the  mineral  being  encased 
within  a  box  introduces  an  element  of  difference  between  the 
samples  under  experiment  and  those  in  the  furnace.    My 
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own  observation  would  indicate  that  the  oxide  of  iron,  when 
exposed  to  the  unimpeded  atftion  of  the  gases  of  a  blast 
furnace,  is  reduced  at  a  temperature  considerably  below  that 
assigned  by  any  of  the  authorities  already  referred  to,  and 
further,  that  the  rapidity  of  the  process  is  materially  inter- 
fered with  by  any  proteftion  like  that  involved  in  the  use  of 
such  a  vessel  as  that  described  by  Messrs.  Tunner  and 
Ebelmen. 

I  will  now,  as  briefly  as  possible,  give  you  the  reasons, 
founded  on  aftual  experiment,  which  have  led  me  to  adopt 
opinions  in  reference  to  this  portion  of  the  aftion  of  a  blast 
furnace  which  are  at  variance  with  those  of  others;  whose 
writings  I  have  consulted,  as  containing  the  latest  observa- 
tion on  the  subjedl. 

It  may  be  remarked,  in  the  first  instance,  that  the  material 
operated  upon  was  the  ironstone  of  Cleveland,  but  in  order 
to  ascertain  to  what  extent  previous  experimenters  had  ob- 
tained results  differing  from  my  own,  by  the  use  of  other 
varieties  of  ores,  specimens  of  red  and  brown  haematites  and 
spathose  ore  were  subjeiSed  to  the  same  mode  of  treatment 
as  that  pursued  with  the  stone  smelted  in  our  own  furnaces. 

In  order  to  form  some  judgment  of  the  temperature  and 
rapidity  with  which  the  oxide  of  iron  in  the  calcined  oolitic 
ironstone  of  Cleveland  was  reduced  by  means  of  carbonic 
oxide,  a  glass  tube  was  filled  with  pieces  about  the  size  of 
hemp-seed,  and  heated  short  of  redness,  probably  about 
300°  C.  (600°  F.)  In  this  state  a  stream  of  carbonic  oxide 
was  passed  over  it,  and  the  resulting  gas  collected  and  ex- 
amined. It  contained  96  per  cent  of  carbonic  acid,  showing 
that  a  very  small  proportion  of  the  original  gas  had  escaped 
unchanged  by  the  oxide  of  iron.  A  portion  so  treated  was 
then  examined,  and  found  to  have,  in  the  space  of  fifteen 
minutes,  lost  39  per  cent  of  its  oxygen. 

After  this  a  very  large  number  of  specimens  of  calcined 
ironstone  were  exposed  at  various  times  to  the  escaping 
gases  of  the  furnaces  at  the  Clarence  Iron  Works  for  periods 
from  one  to  ninety-six  hours.  The  furnaces  vary  in  height 
from  48  to  80  feet,  with  a  capacity  of  about  6,000  to  26,000 
cubic  feet.     As  might  be  expefted,  the  escaping  gases  differ 
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in  temperature  according  to  the  dimensions  of  the  furnace — 
those  from  the  larger  heing  cooler,  by  their  passage  through 
a  greater  quantity  of  solid  material  before  they  reach  the 
top  where  the  outlet  is  placed.  The  ironstone,  brokea  to 
about  the  size  of  hazel-nuts,  was  placed  about  6  or  8  feet 
from  the  furnace  in  the  tube  for  condudling  the  gas  to  the 
boilers  and  hot-air  stoves. 

The  commencement  and  termination  of  the  process  of 
reduftion,  it  will  be  recolledted,  was  given  as  follows : — 

By  Schecrei    . .     400°  C.  (751'  FJ        1003°  to  1300°  C.  (1832°  to  aig3°  F.) 
„  Turner      . .     680°  C.  (1156°  F.)      1400°  (2552°  F.) 
„  Ebelmen    •■     Below  led  heat.        Incipient  fusion  of  ore. 

If,  then,  it  can  be  shown  that  the  temperatures  of  the 
escaping  gases  at  the  Clarence  furnaces  rarely  exceeded  the 
lowest  of  these,  and  frequently  were  considerably  below  that, 
it  follows,  if  these  figures  are  correct,  that  little,  and  in  most 
cases,  no  oxide  of  iron  could  have  been  reduced  when  exposed 
to  their  influence. 

The  specimens,  previously  thoroughly  dried,  were  ex- 
amined for  iron  before  and  after  exposure,  and  the  difference 
would  enable  us  to  estimate  the  loss  of  oxygen,  should  any 
take  place. 

The  following  table  will  afibrd  at  a  glance  the  results  of 
these  trials,  among  which  there  occurs  only  one  single  in- 
stance in  which  no  change  in  the  composition  as  regards 
oxygen  appears  to  have  been  effe^ed  : — 
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It  is  only  right  to  remark  that,  partly  from  a  little  dust 
being  liable  to  be  deposited  on  the  specimens  during  expo- 
sure, and  partly  from  other  causes  which  will  be  hereafter 
spoken  of  as  adding  to  the  weight,  the  result  given  in  the 
column  showing  the  loss  of  oxygen  is  rather  under  than 
overstated. 

Conceding  that  the  gases  from  the  largest  furnace  are  the 
coolest,  as  really  happens,  and  those  from  the  smallest  the 
hottest,  the  deoxidation,  as  might  be  expcfted,  is  the  most 
vigorous  from  the  furnace  of  the  least  dimensions,  and  gene- 
rally speaking,  decreases  with  each  addition  to  the  capacity. 

It  will  also  be  observed  that  where  the  fragments  of  iron- 
stone were  placed,  not  on  an  open  tray  but  in  a  perforated 
box,  something  after  the  method  pursued  by  Messrs.  Tunner 
and  Ebelmen,  the  amount  of  reducftion  was  sensibly  inter- 
fered with. 

In  the  instance  of  the  last  sample  mentioned  in  the  list, 
where  all  the  oxygen  was  removed,  the  gas  given  off  by  the 
addition  of  hydrochloric  acid  was  found  to  be  entirely 
hydrogen,  with  the  exception  of  a  small  quantity  of  carbonic 
acid,  which  existed  in  the  ore  previous  to  exposure. 

On  examining  the  composition  of  the  gases  taken  from 
that  part  of  the  Wrbna  furnace  where,  according  to  the 
former  gentleman,  deoxidation  first  manifests  itself,  it  was 
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noticed  that  they  contained  a  very  much  smaller  proportion 
of  the  reducing  agent,  viz.,  carbonic  oxide,  than  those  to 
which  the  samples  had  been  exposed  at  the  Clarence  works ; 
and  as  this  difference  might  possibly  affeft  the  rate  of  the 
adlion  on  the  ore,  15  litres  of  a  mixture  were  prepared,  re- 
sembling, so  far  as  carbonic  oxide,  carbonic  acid,  and  nitrogen 
are  concerned,  the  composition  of  the  Wrbna  gases,  and  a 
similar  quantity  corresponding,  in  respeifl  to  these  substances, 
with  the  gases  of  the  Clarence  furnaces.* 

These  quantities  were  separately  passed  over  Cleveland 
calcined  ironstone  in  i  hour  and  45  minutes  in  one  case,  and  in 
I  hour  and  50  minutes  in  the  other.  During  the  progress  of 
the  experiments  twelve  samples  of  each  were  coUeAed  and  tried 
forcarbonic  acid.  From  that  resembling  the  gases  in  Professor 
Tunner's  investigations,  the  average  volume  of  carbonic  acid 
was  28-4  per  cent  of  the  whole,  and  in  the  case  of  the  gases 
of  the  Clarence  furnaces,  357  of  the  total  volume-t  Both 
of  these  results  indicate  almost  complete  conversion  of  car- 
bonic oxide  into  carbonic  acid,  but  of  the  two  the  Wrbna 
mixture  is  a  trifle  more  perfe^,  proving  thus  that  the  want 
of  power  of  deoxidation  was  not  due  to  its  lesser  proportion 
of  carbonic  oxide. 

The  next  point  to  be  ascertained  was  whether  the  Cleve- 
land ironstone  was  not  more  susceptible  of  the  deoxidising 
power  of  the  furnace  gases  than  ores  generally  are  found  to 
be.  For  this  purpose  a  specimen  of  red  ore  of  a  very  close 
grain  was  selected  from  Weilburg,  a  brown  ore  from  Wetzler, 
and  a  spathose  one  from  Herdorf.  They  were  calcined  to 
drive  off  water  and  carbonic  acid,  and  then  exposed  for 
7^  hours  in  the  escaping  gases  of  No.  2  furnace  at  the 

'  Composition  of  gascB  used  in  experiment  by  volume : — 
COH,       CO,  N 

Wrbna       ....     13  16  7'     ~     100 

Clarence     ....     33  6  6»     =     100 

t  Volume  per  cent  of  carbonic  acid.     Particulars  of  twelve  trials : — 
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Clarence  works.  This  furnace  has  a  cubic  capacity  of  11,600 
feet,  and  in  two  hours  had,  upon  a.  previous  occasion, 
expelled  about  5  per  cent  of  the  oxygen  contained  in  the 
calcined  Cleveland  stone. 

In  the  7^  hours  the  Weilburg  red  ore  lost  ii'99  per  cent 
of  its  oxygen,  and  the  Wet^ler  brown  ore  l6*88 ;  the  spathose 
ore  was  also  evidently  aifled  upon,  but  to  what  extent  has 
not  yet  been  determined. 

The  larger  pieces  of  ironstone  which  are  here  exhibited 
after  an  exposure  of  24  hours  to  the  gases  of  blast-furnaces, 
prove  that,  although  mass  may  retard  the  action,  and  even 
delay  its  commencement  until  sufiicient  heat  has  been 
imparted,  a  temperature  considerably  below  that  stated  by  the 
distinguished  foreign  chemists  whose  names  have  been  given, 
is  sufBcient  to  completely  deoxidise  ores  of  iron.  No  doubt 
for  this  time  is  required,  but  partial  reduiftion  appears  to  be 
effeiiled  much  more  quickly  than  their  observations  would 
lead  us  to  suppose. 

Although  we  have  hitherto  been  considering  carbonic  oxide 
as  the  sole  reducing  agent  in  the  gases  of  the  blast  furnace, 
there  are  three  other  substances  often  found  associated  with 
it,  which  are  also  capable  of  removing  oxygen  from  the  com- 
pound this  element  forms  with  iron.  They  are  hydrogen, 
cyanogen,  and  ammonia.  In  the  case  of  a  furnace  employing 
well-burnt  coke  from  which  the  hydrocarbons  are  completely 
volatilised  by  the  coking  process,  the  only  source  of  hydrogen 
will  be  the  hygrometric  moisture  driven  in  with  the  blast, 
for  alt  water  which  may  be  present  in  the  materials  in  use 
will  probably  be  expelled  before  it  arrives  at  a  depth  where 
the  temperature  is  sufficiently  elevated  to  effeft  its  decompo- 
sition. In  charcoal,  circumstances  are  different,  for  Bunsen 
found  in  it  2  to  3  per  cent  of  hydrogen,  which  was  only 
completely  expelled  on  the  application  of  a  white  heat. 

I  believe  the  generally  received  opinion  is  that,  notwith- 
standing the  strong  affinity  which  hydrogen  has  for  oxygen, 
and  the  extreme  readiness  with  which  it  abstra<5ts  this  latter 
gas  from  its  combination  with  iron,  it  plays  no  part  as  a 
reducing  agent  in  the  blast  furnace.  Although,  according  to 
Magnus,  its  reducing  power  over  oxide  of  iron  commences  at 
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360°  (670°  F.)  it  would  seem,  if  the  supposition  of  its  inertness 
in  the  blast  furnace  be  corredt,  that  the  presence  of  so  large  a 
quantity  of  carbonic  oxide  found  there  must  interfere  with  the 
exercise  of  its  a£tion  on  the  iron  ore.  Almost  all  the  analyses 
which  I  have  consulted  exhibit  a  gradual  increase  in  hydro- 
gen towards  the  mouth  of  the  furnace,  as  if  the  gradual  rise 
in  heat  which  the  charcoal  meets  in  descending  expelled  this 
gas  without  its  being  altered  by  contact  with  the  oxide  of 
iron,  heated  although  the  latter  was  to  a  point  to  admit  of 
its  redudtion  by  hydrogen. 

With'  regard  to  cyanogen,  this  substance  is  obviously 
generated  by  the  presence  of  soda  and  potash,  producing 
cyanides  of  the  metallic  bases  of  these  alkalies,  by  determining 
the  union  of  carbon  and  nitrogen.  The  formation,  however, 
of  cyanogen  by  no  means  appears  to  be  an  invariable  conse- 
quence of  the  existence  of  these  alkalies,  for  I  have  before 
me  a  sample  of  a  mixture  of  the  two,  which  was  collected 
near  the  tuyeres  of  one  of  the  Clarence  furnaces,  and  in  it  no 
cyanogen  appears  to  be  present. 

Messrs.  Bunsen  and  Playfair,  in  their  celebrated  report  to 
the  British  Association,  assigned  an  important  part  to  the 
reducing  agency  of  this  compound.  Dr.  Percy  mentions 
that  the  proportion  in  which  cyanogen  occurred  in  the  blast- 
furnace at  Alfreton,  the  scene  of  their  experiments,  was  so 
small  that  it  was  only  equal  to  reducing  375  per  cent  of  the 
make.  This  furnace  is  only  39-4  feet  high,  and  the  only  place 
where  cyanogen  was  detected  by  these  chemists  was  34  feet 
from  the  top,  a  point  where,  judging  from  that  which  has 
preceded,  there  ought  to  have  been  no  oxide  of  iron  requiring 
reduction. 

The  fadl  of  the  disappearance  of  the  cyanogen  almost  im- 
mediately after  its  produftion,  can  be  probably  accounted 
for  on  other  grounds  than  its  supposed  adtion  on  oxide  of 
iron.  I  found  that  one  volume  of  it  mixed  with  two  volumes 
of  carbonic  acid,  and  passed  over  quartz  pebbles  heated  to 
redness  in  a  green  glass  tube,  was  decomposed  with  depo- 
sition of  carbon. 

It  is  true,  nevertheless,  that  the  mixture  of  these  two  gases 
in  the  proportions  given  was  found   capable  of  removing 
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oxygen  from  oxide  of  iron;  for  in  15  minutes  calcined  Cleve- 
land stone  lost  3*42  per  cent  of  its  oxygen  at  a  temperature 
short  of  redness,  and  when  the  heat  was  raised  until  the  glass 
softened,  25"i4  per  cent  of  the  original  oxygen  was  expelled. 

The  only  instance  in  which  ammonia  ever  came  under  my 
notice  in  a  blast  furnace  was  in  the  form  of  chloride,  which 
dropped,  associated  with  other  salts  and  water,  from  the  gas 
tube,  upon  the  occasion  of  using  raw  instead  of  calcined 
ironstone,  by  which  the  temperature  of  the  escaping  gases 
was  reduced  to  about  40°  C.  {104  F.)* 

At  a  temperature  short  of  redness,  ammoniacal  gas  was 
ascertained  to  deprive  Cleveland  calcined  ironstone  of  z'Ss 
per  cent  of  its  original  oxygen,  and  at  a  low  red  heat  1771 
was  expelled.  In  each  case  the  operation  was  continued  for 
twelve  minutes,  free  ammonia  escaping  from  the  open  end  of 
the  tube. 

Whether  this  alkali  ever  exists  in  a  condition  to  enable  it 
to  adt  as  a  reducing  medium  in  a  blast  furnace  I  am  unable 
to  say;  one  thing,  however,  may  be  accepted  as  certain,  viz., 
that  the  quantity  is  never  such  as  to  render  its  aftion  of  any 
importance  in  the  operation  of  iron  smelting,  nor  shall  we  be 
farwrong  in  assuming  that, for  all  pradtical  purposes,  carbonic 
oxide  is  the  sole  reducing  agent,  to  which  must  be  referred 
the  duty  of  deoxidising  the  ores  of  iron  in  the  furnace. 

During  the  passage  of  the  reduced  iron  through  the  fur- 
nace, and  under  the  influence  of  the  high  temperature  to 
which  it  is  exposed  on  its  way  to  the  hearth,  the  metal  is  apt 
to  carry  down  some  of  those  substances  with  which  it  was 
originally  associated  in  its  ore,  or  which  it  meets  with  in  the 
flux  or  fuel  employed.  To  such  an  extent  may  this  occur 
that  Fresenius  quotes  a  case  in  which  he  detefted  and  esti- 
mated the  quantity  of  not  less  than  twenty  substances  other 
than  iron  in  a  specimen  be  analysed.  In  some  cases  as  much 
as  22  per  cent  of  manganese  has  been  found  in  pig-iron,  and 
above  5  per  cent  of  silicon,  the  presence  of  the  former  due 
to  the  ore  employed  being  rich  in  that  metal,  and  the  latter 
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derived  probably  from  the  temperature  of  the  furnace  being 
high  enough  to  decompose  the  silica  invariably  present  in  the 
materials  under  treatment  in  a  blast  furnace.  That  neither 
of  these  elements,  nor  all  the  others  mentioned  by  Fresenius, 
with  one  exception,  are  essential  constituents  of  pig-iron,  is 
proved  by  the  circumstance  that  although  no  cases,  perhaps, 
are  known  where  none  occur,  every  one  or  other  is  occasion- 
ally absent.  The  one  exception  is  carbon,  which  may, 
therefore,  be  looked  upon  as  a  necessary  ingredient  of  all 
pig-iron. 

The  circumstances  which  determine  the  union  of  this  in- 
dispensable element  with  the  metal,  are  of  high  interest  to 
the  smelter,  because  upon  the  condition  in  which  the  carbon 
is  associated  with  the  iron  depends,  it  is  considered,  the  dif- 
ferent qualities  of  the  article  he  is  manufa^uring. 

The  portion  of  the  furnace  in  which  the  combination  takes 
place,the  temperature  necessary  for  effecting  it,  and  the 
exadt  source  of  immediate  supply,  have  engaged  the  atten- 
tion of  all  chemists  who  have  studied  the  subjei5t. 

Scheerer  assigns  to  it  something  like  the  position  described 
by  the  line  d,  e,  f,  in  his  seAion,  where  the  operation,  he 
states,  is  effected  after  all  traces  of  unreduced  oxide  have 
disappeared,  and  where  the  temperature  ranges  from  looo* 
to  1600°  C.  (1833°  to  2912°  F.) 

Tunner,  by  means  of  his  perforated  box,  containing  frag- 
ments of  calcined  ore,  determined  that  carburisation  did  not 
take  place  until  a  depth  of  29-8  ft.  from  the  top  of  the  furnace 
was  reached,  where  the  temperature  ranged  about  I500°C. 
(2102°  F).  This  patient  investigator,  indeed,  deduces  from 
the  known  heat  at  which  carbon  unites  with  iron,  in  the 
process  of  cementation,  the  temperature  of  this  portion  of 
the  furnace,  which,  he  states,  accords  with  what  it  ought  to 
be,  from  a  direiil  observation  made  4*33  feet  higher  up.  He 
further  lays  down  the  limits  of  the  zone,  marked  d,  e,  f,  on 
his  seftion,  in  which  the  union  of  the  carbon  with  iron  is 
accomplished. 

Upon  the  sketch  intended  to  show  Ebelmen's  idea  of  the 
zones  of  reduiflion  and  carburisation,  the  latter  is  somewhat 
higher  up,  but,  according  to  his  views,  no  signs  of  it  were 
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apparent  until  the  wrought-iron  apparatus  was  softened  by 
the  heat,  and  the  ore  itself  manifested  symptoms  of  incipient 
fusion. 

The  conditions  then  deemed  essential  by  these  three 
gentlemen  were  reduftion,  almost,  if  not  perfedlly  complete, 
and  a  temperature  of  something  like  rooo°  to  1200°  C.  (1832° 
to  2190"  F.)  Let  us  now  enquire  whether  it  is  not  highly 
probable  that  the  exclusion  of  the  full  force  of  the  chemical 
energy,  which  the  gases  of  the  furnace  were  capable  of  exer- 
cising, by  confining  the  ore  in  a  box,  has  not  interfered  with 
the  at^tion  of  carburising  in  the  same  way  as  happened,  in  all 
probability,  with  that  of  deoxidising. 

in  order  to  ascertain  the  extent  of  the  change  in  content 
of  iron,  the  samples  were,  after  exposure,  dissolved  in  hydro- 
chloric acid,  a  mode  of  procedure  which  afforded,  of  course,  an 
insoluble  residuum. 

When  a  sample  of  calcined  ironstone  was  exposed  for  the 
space  of  two  hours  in  the  waste  gases  of  any  of  the  furnaces, 
lai^  or  small,  this  residuum  was  of  a  colour  inclining  to 
grey — not  calling  for  any  special  notice.  The  same  may  be 
said  when  the  exposure  was  carried  on  for  three  hours  in  all 
the  furnaces,  except  those  of  the  least  dimensions,  from 
which,  as  we  have  already  seen,  the  gases  issue  the  hottest 
— zinc  in  them  frequently  melting,  and  occasionally  antimony. 
In  a  furnace  of  this  type,  such  as  No.  4  at  the  Clarence 
works,  the  insoluble  residuum  under  consideration,  from  a 
specimen  after  three  hours'  contadl  with  the  hot  gases,  was 
blackish,  and  this  colour  went  on  increasing  in  intensity  as 
the  exposure  was  prolonged,  until  it  became  perfeftly  black. 
On  the  other  hand.  No.  6  furnace,  having  above  four  and  a 
half  times  the  capacity  of  No.  4,  or  26,500  cubic  feet  instead 
of  6000,  never  gave  off  its  gases,  during  a  period  of  observa- 
tion extending  over  96  hours,  hot  enough  to  melt  zinc  j  for 
during  72  hours  of  this  time  lead  melted,  and  for  the  last  24 
hours  bismuth  only  was  fused.  Ironstone,  exposed  during 
these  96  hours,  only  afforded  a  greyish  insoluble  residuum  on 
being  treated  with  hydrochloric  acid. 

These  observations  have  led  me  to  conclude  that  an  expo- 
sure of  three  hours  to  a  temperature    a  little  above  the 
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melting  point  of  lead,  and  below  that  of  zinc,  sufficed  to  give 
the  black  colour,  whereas  at  about  the  temperature  at  which 
lead  fuses  no  period  up  to  96  hours  sufficed  to  produce  it. 
Probably,  if  we  give  337°  C.  (630°  F.),  as  being  below  the 
heat  necessary  to  give  the  blackness,  and  361°  C.  (700°  F.) 
equal  to  afford  it,  we  shall  not  be  wide  of  the  truth. 

On  examining  into  the  cause  of  this  blackening,  it  was 
found  to  consist  of  carbon,  inasmuch  as  it  totally  disappeared 
on  the  residuum  being  heated  in  contadl  with  air,  and  on 
passing  a  current  of  pure  oxygen  over  it,  vivid  combustion 
was  produced  and  carbonic  acid  generated,  which  was  recog- 
nised in  the  usual  way.  This  carbon,  moreover,  exists  in 
such  a  minute  state  of  division  as  to  induce  me  to  believe 
that  it  is  really  combined  with  the  iron,  or  is  deposited  by 
chemical  3<^ion  in  such  a  form  as  to  present  great  facilities 
for  subsequent  combination.  It  therefore  seems  probable 
that,  instead  of  the  lowest  and  hottest  portion  of  the  furnace 
being  the  zone  of  carburisation,  this  change  occurs  high  up, 
where  the  temperature  is  comparatively  low.  Neither  does 
it  appear  that  anything  approaching  to  complete  deoxidation 
is  required ;  for  in  one  case  where  only  6-io  per  cent  of  the 
oxygen  of  the  ore  was  driven  off,  the  residuum  was  blackish, 
and  with  anything  like  50  per  cent  of  loss  of  oxygen  the 
colour  is  intensely  black.  On  the  other  hand,  oxygen  may 
be  removed  to  the  extent,  at  all  events,  of  28  per  cent,  and 
no  strongly  marked  signs  of  carbon  appear  in  the  residuum, 
if  the  heat  during  exposure  has  not  reached  the  necessary 
point  of  elevation. 

The  amount  of  carbon  associated  with  the  iron  was  deter- 
mined in  those  cases  where  the  exposure  of  the  ore  had  been 
effedted  in  a  box  with  perforated  sides  and  open  at  the  top. 
The  residuum  from  ore,  after 

48  hours'  exposure,  lost  48-83  per  cent 

of  its  oxygen,  and  contained  of 

the  weight  of  iron 2-42  C.  per  cent. 

72  hours'  exposure,  lost  54*02  per  cent 

of  its   oxygen,   and   contained  of 

the  weight  of  iron 3*09  C.       ,, 

while,  in  another  instance,  where  the  ore  was  placed  on  an 
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Open  tray,  all  the  oxygen  was  gone,  and  carbon,  to  the  extent 
of  3*26  per  cent  of  the  weight  of  iron,  was  found  in  the 
residuum.* 

It  may  be  observed  that  the  residuum  from  all  the  samples 
of  foreign  ores,  exposed  for  seven  and  a  half  hours  in  the 
gases  from  a  furnace  of  medium  size,  showed  unmistakeable 
signs  of  carbon  having  been  deposited. 

Admitting  the  corredlness  of  the  opinion  just  laid  down, 
the  following  formula  would  account  for  the  action,  when 
the  deoxidation  and  carburisation  is  complete : — 

.  SCO  -1-  2Fe,0j  =  7CO,  +  4FeC. 
I  am,  however,  by  no  means  satisfied  that  this  equation 
conveys  a  true  explanation  of  the  adtion,  for  within  the  last 
few  days  I  was  desirous  of  ascertaining  how  far  the  intro- 
dudtion  of  the  Cleveland  ironstone  in  its  raw  state,  f.e.,  as 
carbonate  of  iron,  would  retard  the  deoxidation.  The  extent 
of  this  is  immaterial,  but  what  is  of  importance  is  that  a 
veiy  considerable  increase  in  the  quantity  of  this  deposited 
carbon  took  place  in  each  sample  exposed. 

Here  are  five  specimens  of  each,  viz.,  the  insoluble,  from 
the  ironstone,  raw  and  calcined,  before  they  were  placed  in 
the  escaping  gases  of  No.  4  furnace,  the  others  being  the 
insoluble  and  blackened  residuum  after  the  two  varieties, 
exposed  at  the  same  time,  had  been  in  for  6,  12,  18,  and 
34  hours. 

In  the  case  of  the  raw  ironstone,  the  colour  was  so  much 
blacker  than  when  the  calcined  ore  was  used  that  the 
quantity  of  carbon  in  each  was  carefully  determined.  With 
the  calcined  ore  it  amounts  to  i"68  per  cent  of  the  iron,  while 
in  the  raw  stone  it  is  4*63  per  cent  of  the  iron,  after  each  had 
been  exposed  twenty-four  hours  in  the  escaping  gases.t 

*  Time  did  not  permit  the  oeceBMry  analyses  being  made,  so  as  to  obtain 
with  exafkness  the  whole  of  the  carbon.    To  e    ~ 


hydrochloric  acid  was  made,  during  which  probably  a  portion  of  the  carbon 
was  lost,  and  1  was  obliged  to  content  myself  with  examining  the  inEoluble 
left  after  treating  the  samples  with  this  acid. 

t  n.  Insoluble   from   100  grains  of  calcined  ironstone,  in   which   organic 
natter  must  have  been  destroyed,  was  dried  at  193°  C.  (380°  F.)  : — 

Heated  to  redness  in  contaiS  with  air,  lost o'ls  gr. 

b.    Insoluble    from*  100   graina   of   calcined   ironstone,  same    as    above, 
VOL.  HI.  2    Q 
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It  was  then  deemed  desirable  to  ascertain  to  what  extent 
carbon  might  be  caused  by  any  oi^anic  matter  existing 
naturally  in  the  ore  and  retained  in  the  ironstone,  while  the 
latter  was  imperfeAly  calcined,  and,  consequently,  before 
the  carbon  so  formed  was  entirely  burnt  off. 

When  the  insoluble  residuum  from  this  source  was 
thrown  into  melted  nitrate  of  potash,  the  faintest  trace  of 
carbon  made  itself  apparent,  whereas  with  that  obtained  in 
either  of  the  two  instances  previously  quoted,  deflagration 
of  some  violence  was  produced. 

In  the  minds  of  all  pra(5tical  smelters,  there  is  no  doubt 
entertained,  that  the  hotter  a  furnace  is  working,  the  richer 
is  the  iron  in  graphitic  carbon,  or  "  kish,"  as  they  term  it. 
This,  together  with  the  circumstance,  that  when  the  tem- 
perature is  very  high,  flakes  of  this  substance  escape  in 
considerable  quantities  when  an  opening  is  made  above  the 
dam  of  the  furnace,  probably  has  favoured  the  belief,  that 
the  region  of  fusion  was  the  chief  seat  in  which  the  union  of 
carbon  with  the  iron  was  accomplished. 

It  is,  perhaps,  a  little  premature  to  speculate  upon  the 
nature  of  the  origin  of  carbon  in  pig-iron  by  aid  of  fatfts, 
many  of  which  have  only  been  ascertained  since  this  paper 
was  begun,  and  some  investigated  so  lately  as  yesterday. 
It  may,  however,  be  observed,  that  although  this  substance 
exists  in  pig-iron  in  two  distindt  forms,  viz.,  as  combined. 


Learing  for  carbon 073  „ 

Specimen!  coalained  435  per  cent  of  inin.      Catbon,  therefore,  h  equal  to 
1-68  per  cent. 

f.  Insoluble  from  raw  ironstone,  exposed  a8  auch,  in  gases  from  No.  4 
Clarence  furnace,  for  twenty-four  houra.  Insoluble  froia  100  graini  of  the 
ironstone  weighed  after  exposure: — 

Dried  at  193°  C.  (380°  F.)  and  then  heated  to  rednew,  lost  . .   r'go  gr. 
Deduft  for  loH  assumed  aa  independent  of  carbon o'l;  „ 

Leaving  for  carbon 1-75  „ 

Sample  contained  37-8  per  cent  of  iron,  hence  iron  is  asaocjated  with  4-63  per 
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and  as  uncombined  or  graphitic,  there  is  nothing  antago- 
nistic in  the  idea  of  carbon  uniting  with  iron  in  that  portion 
of  a  furnace,  where  no  such  difference  of  temperature  is  ever 
found  likely  to  produce  at  one  time  white  iron,  in  which 
the  iron  is  chiefly  in  the  combined  form,  and  at  other 
times  grey  iron  rich  in  uncombined  carbon.  It  is,  I  imagine, 
quite  consistent  with  all  observation  to  suppose  that  the  ore 
during  or  after  the  process  of  reduftion  may  absorb  all  the 
carbon  it  requires,  but  the  form  this  element  may  assume 
in  the  pig-iron  produced  will  depend  on  the  temperature  when 
fusion  takes  place.  This  explanation  is  corroborated  by  the 
well-known  faiil,  that  white  iron  may  be  run  from  the  blast 
furnace,  and  be  changed  to  grey  by  slow  cooling,  and  the 
richest  No.  i  iron  may  be  reduced  to  No.  3,  or  even  rendered 
white  by  chilling  it  suddenly  against  a  surface  of  cold  metal, 
proving  thus,  that  it  is  the  latest  condition  of  things  previous 
to  solidification  which  determines  the  chara<5ter  of  the  car- 
bon, rather  than  the  mode  in  which  it  has  found  its  way 
into  the  metal. 

As  to  the  flakes  of  "  kish  "  flying  about  a  furnace  making 
rich. iron,  it  is  possible  they  may  be  produced  by  the  decom- 
position of  the  oxides  of  carbon  under  the  influence  of  the 
high  temperature  and  chemical  ai^ion,  or  even  by  the  decom- 
position of  cyanogen,  for  I  ascertained  that  this  compound 
not  only  deposited  carbon  when  heated  along  with  carbonic 
acid,  but  that  it  also,  at  a  temperature  of  redness,  conferred 
carbon  upon  iron,  of  which  it  had  effefted  the  redui5tion. 

A  consideration  of  the  other  occasional  constituents  of  pig- 
iron  would  cany  us  far  beyond  the  limits  of  such  a  discourse 
as  the  present ;  we  will,  therefore,  pass  on  to  review,  in  as 
condensed  a  manner  as  possible,  the  behaviour  of  lime  in 
the  blast  furnace. 

One  duty,  but  riot  the  only  one,  performed  by  this  earth, 
generally  added  in  the  form  of  its  carbonate,  is  to  a&  as  a 
flux,  by  melting  and  separating  the  solid  impurities  of  the 
ore  under  treatment.  The  labours  of  Berthier  informed  us 
how  the  fusibility  of  any  two  earthy  substances  was  promoted 
by  the  addition  of  a  third,  and  what  an  extended  range  of 
proportions  could  then  be  used  without  seriously  interfering 
a  Q  2 
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with  readiness  of  fusion, .  This  chemist  further  showed  how 
the  presence  of  a  fourth  or  more  substances,  even  in  very 
small  quantities,  augmented  fusibility.  Were  it  not  for 
these  laws,  the  smelting  of  many  of  our  ores  would  be  a 
matter  of  great  difficulty,  if  not  of  impossibility,  owing  to 
the  endless  variety  of  the  proportions  in  which  silica, 
alumina,  lime,  and  magnesia  are  found  associated  with  the 
metal. 

Dealing  with  these  earths  alone,  silica  occurs  in  every 
proportion  from  30  to  70  per  cent  of  the  whole,  alumina 
from  20  to  30  per  cent,  lime  from  4  to  27  per  cent,  and 
magnesia  from  3  to  ig  per  cent,  and  this  list  merely  compre- 
hends some  of  the  ordinaiy  ironstones  of  this  country.* 

It  is  usually  considered  that  the  use  of  an  excess  of  lime 
promotes  the  separation  of  sulphur,  and,  it  may  be,  of  phos- 
phorus, from  the  iron  produced,  for  it  is  frequently  added 
when  the  earths  naturally  existing  in  the  ironstone  are  in 
such  proportions  as  to  constitute  a  perfectly  fusible  slag. 
This  is  the  case  with  the  ore  of  Cleveland,  as  was  proved  by 
at^ual  experiment  in  the  laboratory,  after  which,  one  of  the 
Clarence  furnaces  had  lime  gradually  removed  from  the 
charges. until  it  was  entirely  withdrawn.  So  far  as  the  mere 
office  of  smelting  was  concerned,  the  operation  was  perfeft, 
i.e.,  all  the  iron  existing  in  the  ironstone  was  obtained,  and 
a  perfect  slag  was  produced.   There  was  some  little  practical 

*  FropOTtioQS  in  which  dlica,  alumina,  lime,  and  magnesia  exitt  in  certain 
a  geological  tUTvey  of  OtcU 


Dsrlaiton 
Dudley    . .     . 
Low  Moor 
Cornn*a.vea    . 
Rongn  H«y    . 
Battetley . . 
Dudlej;    . .     . 

Blaenavon 
Stanton  . . 
Blaenavon 
Staveley  .. 
Patkeate  . .  . 
Dowlaii  .. 
Cleveland..     . 
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difficulty  conneAed  with  working  the  furnace,  but  the  incon- 
venience which  was  anticipated  occurred, — the  iron,  No.  3, 
contained  much  more  sulphur  than  when  using  lime,  vi^., 
o'33  per  cent,  and  its  quality,  in  point  of  strength,  suffered 
considerable  deterioration.* 

It  will  be  impossible  for  us,  upon  the  present  occasion,  to 
dwell,  at  any  length,  upon  the  diatindtive  charaAera  which 
mark  blast  furnace  slags,  which  have  compositions  embracing 
so  extensive  a  range  of  variations  in  their  constituent  parts. 
This  interesting  series  of  compounds,  occasionally,  when 
silica  IS  in  sufficient  quantity,  possesses  the  properties  of 
true  glass,  gradually  changing  into  substances  of  a  perfeiftly 
stony  nature,  in  which  no  trace  of  vitrification  is  usually 
perceptible.  This  is  particularly  the  case  when  alumina  is 
in  such  quantity  as  probably  to  divide  with  silica  the  func- 
tions of  an  acid. 

Mention  has  already  been  made  of  the  difficulty  which 
accompanies  drawing  any  general  conclusions  respet^ing  the 
progress  of  the  operation  of  smelting  from  an  examination 
and  analysis  of  the  solid  contents  of  a  blast  furnace. 

Probably  the  most  elaborate  investigations  into  the  nature 
of  the  gases  taken  from  various  depths  of  a  blast  furnace 
are  contained  in  the  communication  by  Messrs.  Bunsen  and 
Playfair  to  the  British  Association  in  1845.  Judging  from 
the  drawing  which  accompanies  the  paper,  the  furnace  at 
Alfreton  was  charged  in  the  defective  way  already  spoken  of, 
viz.,  at  one  side  only  of  the  throat.  It  may,  therefore,  be 
questioned  whether  the  current  of  gaseous  matter  would 
have  anything  like  a  uniform  composition  over  any  hori- 
zontal seftion  corresponding  with  the  point  where  the  samples 
were  taken. 

Imagine  a  furnace  tn  which  pure  oxide  of  iron  is  being 
smelted  by  pure  carbon ;  now,  so  long  as  the  oxide  was  re- 
duced in  the  upper  and  cooler  portions,  the  extent  of  carbonic 

*  Sulphar  in  Clarence  iron:— 

No.  I  iron     . .     o'o^  ptt  cent.  No.  3     . .     trio  pcT  cent. 

■■     0-25        „  „         ..     o■l^        „ 

11             ■■     trace  „         ..     004        „ 

Vide  Paper  by  I.  L.  Bell,  on  Cleveland  Iron  Manufaaure,  read  befbie  Britiih 
AMOciktton  M  NewcMtle,  1863. 


..Google 


598  SUPPLEMENT. 

acid  would  be  a  correifl  indication  of  the  nature  of  the 
process  carried  on  ;  but  wherever  deoxidation  is  delayed,  as 
no  doubt  may  happen,  until  that  depth  is  reached,  when  the 
high  temperature  would  decompose  this  acid,  then  the  gases 
afford  ao  indication  of  the  change  effected  on  the  solid  con- 
tents of  the  furnace. 

When  we  come  to  consider  the  properties  of  carbonate  of 
lime  when  exposed  to  heat  in  an  atmosphere  of  carbonic 
acid,  the  problem  of  drawing  from  the  presence  of  this  gas 
any  general  inference  of  the  chemical  alteration  going  on  in 
a  furnace  becomes  very  intricate,  if,  indeed,  not  impossible. 

This  salt  of  lime,  as  is  well  known,  parts  with  half  its 
carbonic  acid  at  a  moderate  red  heat,  a  much  higher  tempe- 
rature being  required  before  the  whole  is  expelled.  In  the 
solution  of  the  question  just  mentioned,  we  have  to  deter- 
mine not  only  whether  all  the  iron  is  deoxidised,  but  also 
whether  the  temperature  is  such  as  will  drive  off  carbonic 
acid  from  the  limestone,  and  then  whether  the  heat  is  suffi- 
ciently high  to  decompose  the  carbonic  acid  from  either 
source.  In  the  case  of  the  ore,  it  is  quite  possible  that  all 
the  carbonic  acid  resulting  from  its  decomposition  may  be 
formed  when  this  change  would  be  impossible ;  but  in  that 
of  the  limestone  it  is  pretty  clear  the  last  half,  more  or  less, 
will  not  be  set  free  until,  meeting  with  hot  carbon,  it  is 
instantly  resolved  into  carbonic  oxide. 

It  is  by  no  means  an  uncommon  thing  for  iron  smelters  to 
use  caustic  lime  in  their  operations  ;  this,  however,  does  not 
simplify  the  inquiry,  but  rather  the  reverse.  Up  to  a  tempe- 
rature of  redness  such  as  to  soften  green  glass,  I  ascertained 
that  lime  absorbed  carbonic  acid  in  proportion  to  the  tempe- 
rature to  which  it  was  exposed,  i.e.,  the  higher  the  heat,  the 
more  rapid  was  the  union — this  absorption  went  on  until 
19  per  cent  of  the  weight  of  the  lime  was  taken  up,  after 
which  a  stream  of  the  gas,  continued  for  nine  hours,  pro- 
duced no  further  change.  On  the  other  hand,  carbonate  of 
lime  and  caustic  lime  were  subjected  to  a  current  of  carbonic 
acid  in  a  porcelain  tube,  and  heated  until  the  latter  began 
to  soften.  In  this  case  tberewas  no  absorption  of  carbonic  acid, 
on  the  contrary,  all  the  acid  was  driven  off  from  the  carbonate. 
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So  far  as  moderate  temperatures  are  concerned,  it  was 
ascertained  that  caustic  lime  rapidly  absorbs  carbonic  acid 
from  the  escaping  gases,*  so  that,  in  addition  to  not  knowing 
the  rate  at  which  this  gas  was  at  any  particular  point  gene- 
rated by  the  whole  mass  of  ore,  it  would  be  impossible  to 
discover  how  much  of  it,  so  formed,  was  taken  up  by  the 
lime,  only  to  be  again  expelled  in  the  lower  and  hotter  por- 
tions of  the  furnace. 

It  is  almost  needless  to  say  that  when  lime  or  its  carbonate 
exists  in  the  ores  naturally,  the  same  consequences  will 
happen  more  or  less  as  those  described  in  the  case  of  the 
earth  used  separately  and  constituting  the  flux. 

To  afford  a  clearer  idea  than  figures  can  do  of  the  want  of 
uniformity  in  composition  of  the  gases  from  different  depths 
of  furnaces,  as  determined  by  analysis,  I  have  construdted  a 
few  diagrams,  drawn  to  a  scale,  in  which  carbonic  acid  is 
shown  by  the  darker  shaded  part,  and  carbonic  oxide  by  the 
lighter.  In  the  four  diagrams  the  scale  is  according  to 
volumetric  analysis,  and  the  authorities  quoted. 

Locality,  Veckerhagen.    Authority,  Bunsen.    Temperature 

blast,  278°  C.  {532  F.)    Fuel,  charcoal. 

Fig.  109. 

TopofPuRiice -I  -  "   ■ P.e.    P.e. 

ft.  in.  CO<'    *^0- 

Depth  from  do.  i  -.  B77     i4x>1  'Z  fr 


*  Caustic  lime  cxpoied  for  one  hoar  in  escaping  gatei  from  No.  4  Clarence 

Lead  melted,  zinc  not  changed,  absorbed  of  its 

weight  of  CO]        i*3S  per  cent. 

No.  7  furnace  Bismuth  melted,  lead  not  changed    ..  i-oo       „ 

„    a  furnace  „  „  0-96       „ 

„   6  furnace  „  „  O'gz       „ 

After  two  hours'  exposure,  temperatures  as  above : — 

Limeabsorbedof  itsweight  ingaseaofNo.4fumace  1-73  per  cent,  CO], 

1      ..  0-72 

7      ..  o;62 
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Locality,    Baerum.      Authority,  Scheerer   and    Langberg. 
Temperature  blast,  200°  C.  (392  F.)     Fuel,  charcoal. 


Locality,  Sfiraing.  Authority,  Ebelmen.  Temperature  blast, 
100°  C.  (212°  F.)     Fuel,  coke. 


The  diffic^ilty  which  attends  obtaining  an  average  sample 
of  the  gases  below  the  level  of  the  top  of  the  furnace  does 
not  present  itself  when  the  objedt  is  to  procure  specimens  of 
the  gases  after  they  have  left  the  furnace. 

The  following  portions  of  gas  from  No.  4  Clarence  furnace, 
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48  feet  high,  were  carefully  taken  and  analysed,  many  in  my 
presence,  by  Mr.  W.  Moody,  the  chief  assistant  in  the 
Washington  laboratory.  The  results,  when  the  trials  were 
repeated,  are  given,  so  that  some  opinion  may  be  formed  of 
the  attention  bestowed  on  the  experiments. 


61^ 

— 

16-30 

_ 

6745 

3470 

59-06 

5-30 

S73 

35-80 

35-64 

5890 

473 

512 

31-00 

3025 

64-25 

i"' 

— 

31-12 

— 

Locality,  Alfreton.     Authority,  Bunsen  and  Playfair.     Tem- 
perature blast,  330°  C.  C623'  F.)     Fuel,  raw  coal. 
Fig.  112. 


Depth  from  top  j 


»-»4 

is 

11 

"s-r? 

V. 

>9-4S 

M 

M 
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A  very  brief  examination  of  the  figures  contained  in  the 
above  table  proves  how  liable  to  variation  is  the  nature  of  the 


•  The  following  figures  Bbow  the  above  volumetric  conEtituenta  converted 


25-86 

Nil 

6454 

Nil 

33-90 

56-55 

3410 

34-Si 

55-" 

5S-23 

35-10 

34 '93 

56-77 

56-24 

30-59 

62-36 

28-30 

6^-34 

6248 
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changes  going  on  in  a  blast  furnace,  even  when,  to  all  appear- 
ance, the  materials  employed  are  precisely  the  same. 

If  the  gases  of  a  blast  furnace  have  to  furnish  us  with  any 
data  from  which  we  may  endeavour  to  draw  just  conclusions 
of  the  nature  of  the  chemical  action  going  on  in  its  interior, 
it  appears  to  me  that  little  reliance  can  be  placed  on  any 
analyses,  excepting  of  those  of  the  gases  as  they  escape. 

If,  as  I  think  most  probable,  little,  if  indeed  any,  carbonic 
acid  leaves  the  lime  until  it  reaches  a  portion  of  the  furnace 
when  the  heat  is  such  as  to  resolve  the  liberated  acid  into 
carbonic  oxide,  it  is  clear  that  all  the  carbonic  acid  found  in 
the  gases  most  be  due  to  the  deoxidation  of  the  ore,  which, 
according  to  the  views  laid  down  in  this  paper,  is  eETedted  at 
a  lower  temperature  than  was  supposed  by  Tunner,  and  at 
one  where  carbonic  acid  is  not  decomposed  by  incandescent 
carbon.  The  ironstone  may  be  in  such  large  masses,  like 
those  on  the  table,  that  the  whole  of  the  oxygen  may  not  be 
expelled  until  a  considerable  depth  in  the  furnace  is  reached, 
and  then,  of  course,  the  carbonic  acid  generated  by  the  pro- 
cess of  reduction  may  experience  the  same  fate  as  that 
liberated  from  the  carbonate  of  lime. 

It  is  not  a  dif&cult  matter  to  calculate  what  the  composi- 
tion of  furnace  gases  ought  to  be,  supposing  a  certain  quan< 
tity  of  coke  and  limestone  to  be  consumed  to  the  ton  of  iron, 
and  the  sole  source  of  carbonic  acid  to  be  the  ore  by  its 
deoxidation. 

Assume  the  coke  used  to  be  23*20  cwts.,  and  the  limestone 
ii*6o  cwts.  per  ton  of  pig-iron,  containing  ig  cwts.  of  pure 
iron, 

The  coke  may  be  taken  as  consisting  of — 

Pure  carbon 2i"8o 

Ash f40 

23-20 
And  the  limestone  will  consist  of — 

Lime 6*50 

OxygS  '.    '.      371I  ^°  *^°™  carbonic  acid  .    5-10 
1 1  "60 
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The  ironstone  will  consist  of — 

Iron ig^oo  cwts. 

Oxygen 8-14    „ 

Earths 22-86    „ 

50-00 

The  total  carbon  then  to  be  dealt  with  is — 

In  the  coke 2i"8o 

In  the  limestone  ....      1*39 

23*19  cwts. 

From  which  must  be  deduced  the 

carbon  to  combine  with  the  iron  074    ,, 

Leaving  to  go  off  as  carbonic  acid 
and  as  carbonic  oxide  ....  22*45     •> 

The  total  quantity  of  oxygen  we  'have  in  the  minerals 
applicable  to  oxidising  carbon  is  in  the — 

Ore 8-14 

Limestone 3-71 

11-85 

To  which  may  be  added  from  the  decomposi- 
tion of  water  contained  in  the  blast .    .     .    0*85 

Cwts. .     .     .  12*70 

Cwts. 
To  convert  22*45  cwts.  carbon  to  the  state  of  carbonic 

oxide  will  require  of  oxygen 29-93 

But  as  applicable  to  this  we  have  in  the  limestone 
3*71,  and  in  the  blast  0*85 4-56 

Leaving  to  be  derived  from  the  atmosphere     .     ,     .     25-37 

25*37  atmospheric  oxygen  is  equal  to  nitrogen      ,     .    84-93 
8*14  oxygen  in  the  ore  will  give  of  carbonic  acid 
generated  by  its  action  on  carbonic  oxide      .     .     .     22*38 

22*38  carbonic  acid  contains  6-io  of  carbon,  leaving 
i6"35  (22*45  ~  6*10)  carbon  to  give  of  carbonic 
oxide jS'rS 

Total  weight  of  gases  per  ton  of  iron  .  .  145-46 
Supposing,  then,  the  carbonic  acid  from  the  limestone  to  be 
decomposed,  and  that  generated  by  the  reduction  of  the  ore 
to  escape  as  such,  the  proportions  in  which  nitrogen,  car- 
bonic acid,  and  carbonic  oxide  should  be  found  in  the  escaping 
gases,  would  be — 
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Nitrogen 58'38 

Carbonic  acid Z5'39 

Carbonic  oxide 26"a3 

lOO'GO 

The  analyses  of  the  gases  from  a  blast  furnace,  making 
forge  iron  with  precisely  the  quantity  of  materials  named  in 
the  above  calculation,  gave  the  following  results  by  weight: — 

CO,.  CO.  N  by  difEtrcncc. 

lU  Trial.  lod  Trill.  ill  TH*].  md  Trial.  in  TriiU.  md  Trill. 
Hinir. 

I  p.m.  i8-i8  I8-I0  a7'i9  37-19  54'SJ  54*^ 

3.10  1460  ij-io  30-09  a8-6o  55-31  5630 

2^  15-05  1558  18  61  39-50  66-34  649a 

3-30  18-50  Loit  35-80  Lost  53 '70  LoM 

3-45  15-85  ..  25-50  ..  5865 

4.0  16-13  16-41  3300  34-88  6o-88  58-71 

4,10  19-71  19-71  1360  23-60  56-69  5669 

4.50  19-IS  "9-'4  37*08  27-10  5367  53-76 

Average  ..     17-17  —  35-11  —  5773  — 

These  figures  show  a  close  approximation  to  the  theo- 
retical calculation,  there  being  rather  more  carbonic  acid,  as 
shown  by  the  analyses,  than  the  previous  estimate  would 
indicate,  from  which  it  may  be  inferred  that  not  only  the 
whole  of  the  ironstone  was  reduced  in  the  upper  and  cooler 
part  of  the  furnace,  but  also  that  a  portion  of  the  carbonic 
acid  which  was  contained  in  the  limestone  was  also  expelled 
before  the  flux  reached  a  part  of  the  furnace  where  the  heat 
was  intense  enough  to  decompose  it.* 

On  watching  the  stag  from  a  furnace  in  the  Cleveland  dis- 
trift  as  it  falls  from  a  spout  into  the  vessel  for  receiving  it,  a 
white  fume  is  perceived.  A  portion  of  this  may  be  sul- 
phurous acid  combining  with  hygrometric  water,  but  by  far 

*  Thit  is  consistent  with  observation,  for  in  an  experiment  mentioned  in  a 
discailioQ  before  the  Institution  of  Mechanical  Engineers,  38lh  January  last, 
I  showed  that  colce  was  incapable  of  decomposing  carbonic  acid  at  a  uinpet«- 
tiire  which  completely  mclled  German  green  glass.  Upon  the  same  occasion 
I  gave  it  as  my  impression,  that  one  of  the  advantages  in  using  high  furnaces 
was  that  they  did  not  permit  the  gases  to  escape  at  a  temperatuie  at  which 
they  were  etill  capable  of  deoxidising  the  ores.  This  latter  circumstance  was 
also  alluded  to  by  the  President,  Dr.  Williamsoa,  in  the  discussion  which 
followed  the  reading  of  this  paper.  The  anslyses  just  quoted  were  of  gases 
taken  from  s  furnace  80  feel  high,  and  containing  about  11,500  cubic  feet,  so 
that,  at  far  as  chemical  aftion  is  concerned,  its  dimensions  appear  to  be 
sufficient. 
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the  greater  quantity  consists  of  the  earths  themselves,  in  the 
state  of  vapour,  at  least  such  I  conceive  to  be  the  case. 
This  vapourised  lime,  alumina,  magnesia,  and  silica,  ascend 
through  the  contents  of  the  furnace,  and  are,  no  doubt,  to  a 
considerable  extent,  condensed  as  a  sublimate  on  the  way, 
but  eventually  a  certain  quantity  escapes  from  the  top,  con- 
stituting the  mass  of  fume  visible  in  most  smelting  districts, 
but  particularly  conspicuous  on  the  banks  of  the  Tees.  At 
one  time  I  supposed  this  volatilising  sufficient  to  account  for 
a  difBculty  in  reconciling  the  composition  of  our  slags  with 
the  earthy  materials  which  really  entered  the  furnace.  This 
discrepancy  I  have  since  ascertained  is  due  to  the  great 
variations  in  the  composition  of  our  ironstone  itself.  As 
might  be  expected,  the  higher  the  furaace  in  which  the 
smelting  is  being  carried  on  the  greater  is  the  interception 
of  these  vapourised  hearths  and  the  other  substances 
associated  with  them,  but  the  at^ual  quantity  varies  in  the 
same  furnace  at  different  times. 

From  a  furnace  48  feet  high,  the  quantity  amounted,  upon 
one  occasion,  to  sg'og  lbs.  per  ton  of  iron  made,  and  at 
another  to  77'3i  lbs.,  while  in  an  80  feet  furnace  the  weight 
for  the  same  quantity  of  metal  was  27*24  and  19*54  lbs. 
respeftively  upon  the  two  days  when  the  experiment  was 
made.* 

•  The  estimated  weight  of  sUg  pet  ton  of  icon  is  about  30  cwu. 
The  following  shows  the  coroposition  of  this  condensed  fume,  taken  out  of 
the  g«i  pipes : — 

Silica  and  sand 44'Si 

Alumina       iS'oo 

Lime      ia-i3 

Magnesia      0-57 

Peroxide  of  iron S'lo 

Oxide  of  zinc       4-60 

Sulphuric  acid S'So 

Potash 0-40 

Soda      685 

ChJorine      i's6 

Water y6a 

99SS 

Report,  I.  L.  Bell  to  British  Association,  1863. 
A  second  sample  was  colle^cd  by  drawing  through  water  for  some  hours  the 
gases  from  one  of  our  furnaces,  so  as  to  secure  the  presence  of  the  whole  of 
the  solid  constituents  before  analysing.    It  contained — 
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To  this  short  account  of  the  gases  I  would  only  add  that, 
instead  of  escaping  into  the  atmosphere  and  burning  at  the 
tops  of  the  furnaces,  as  formerly  happened,  and  still  happens 
generally  in  Staffordshire,  and  uniformly  so  in  Scotland,  the 
carbonic  oxide  they  contain  is  burnt  for  raising  steam  for  the 
blast  engines,  and  for  heating  the  air,  by  which  something 
like  a  saving  of  600,000  tons  of  coal  per  annum  is  effected 
in  those  works  smelting  the  ironstone  of  North  Yorkshire. 

Having  now  traced  the  progress  of  the  solid  materials 
down  through  the  furnace,  and  considered  the  adlion  of  the 
gaseous  current  flowing  upwards  among  them,  let  us  devote 
a  few  minutes  to  an  examination  of  the  blast  by  means  of 
which  we  obtain  heat  from  the  fuel  to  fuse  the  iron  and  slag, 
and  generate  carbonic  oxide  to  effect  the  redudtion  and 
carburisation  of  the  metal,  which  istheobjedl  of  the  process. 

The  effedt  of  cold  on  our  atmosphere  being  to  deprive  it 
of  a  considerable  portion  of  its  moisture,  and  to  contradt  its 
bulk,  a  cubic  foot  of  air  in  winter  contains  of  course  less 
watery  vapour  and  more  oxygen  than  is  embraced  within  the 
same  space  in  summer. 

It  is  obvious  that  there  is  no  necessary  conne<5tion  between 
a  rise  in  temperature  and  the  presence  of  aqueous  vapour 
and  a  diminution  of  the  supply  of  oxygen,  but  in  the  absence 

Suluble  in  water— 

Lois  in  heating lo'xfi 

?;"". -ly 

Alumina      12-ao 

Magneaia trace 

Chlorine      0-57 

Sulphuric  acid 0'59 

Oxide  of  zinc 4-58 

Carbonatei  of  Bodi  and  potBih      ai'^o 

5»'67 

Inioluble  in  water— 

Silica ii-oo 

Alumina  and  oxide  of  iron      I0'76 

Lime l'o6 

Maeneaia trace 

Oiiae  of  line 13-18 

Carbonic  acid 7-00 

Alkaline  lalts 3-07 


,;  Google 


THE  CHEMISTRY   OF   THE   BLAST  FURNACE.  607 

of  correct  and  sufficient  information  on  the  subjetfl  forty 
years  ago,  iron-smelters  ascribed  some  virtue  to  a  blast  as 
cold  as  circumstances  permitted,  because  in  the  winter 
season,  as  a  rule,  they  made  more  iron  with  less  fuel  than 
in  summer,  simply  because  each  stroke  of  their  blast  engine 
supplied  them  with  more  oxygen,  and  less  carbon  was  ab- 
sorbed in  the  decomposition  of  watery  vapour  than  in 
summer. 

Under  these  circumstances,  it  is  not  surprising  that  Neil- 
son's  proposition  to  heat  the  blast  before  it  entered  the 
furnace  was  not  favourably  received,  or  that  a  considerable 
time  elapsed  before  the  value  of  his  invention  was  recog- 
nised by  practical  men. 

It  is  not  my  intention  to  detain  you  with  any  comparison 
between  the  nature  of  hot  and  cold  blast  iron  ;  indeed,  this 
would  be  a  task  beyond  my  power  for  want  of  the  necessary 
data.  There  is  no  doubt  that  some  of  the  best,  if  not  the 
best,  makes  of  iron  in  this  country  are  produced  by  means 
of  cold  blast ;  but  whether  this  excellence  of  quality  is  due 
to  the  temperature  of  the  air  or  to  the  materials  employed 
is  a  point  upon  which  no  opinion  of  any  value  can  be  formed 
until  the  same  materials  have  been  treated  by  both  systems, 
and  the  results  experimentally  and  pradlically  examined. 

The  faft,  however,  that  out  of  the  four  or  five  millions  of 
tons  of  pig-iron  annually  produced  in  this  empire,  all  but 
one  or  two  hundred  thousand  tons  are  smelted  by  means  of 
heated  air,  will  be  accepted  as  a  proof  of  the  soundness  of 
Neilson's  discovery. 

The  chief  recommendation  of  the  hot  blast  is  the  economy 
of  fuel  obtained  by  means  of  its  use,  and  it  is  this  attribute 
which  possesses  interest  to  ourselves  as  chemists,  furnishing, 
as  it  does,  a  field  of  inquiry  into  the  nature  of  the  combus- 
tion and  the  appropriation  of  the  heat  in  the  blast  furnace. 

In  entering  upon  an  explanation  of  the  adtion  of  the  hot 
blast,  we  must  consent  to  lay  aside  those  accounts  which 
inform  us  that,  immediately  after  its  introduction,  the  mere 
heating  of  the  air  up  to  320°  F.  {161°  C),  enabled  a  smetter 
to  reduce  the  consumption  of  coal  for  i  ton  of  iron  from 
j^  tons  to  2j-  tons. 
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If  it  can  be  shown  that  the  progress  of  smelting  science 
has  been  such  as  to  reduce  the  consumption  of  coke  in  a 
furnace  blown  with  cold  air  until  it  is  within  lo  or  ii  cwts. 
per  ton  of  iron  of  that  used  in  a  furnace  supplied  with  air 
heated,  not  to  aao"  F.  (i6o°  C.)  but  to  650°  F.  (339°  C),  this 
is  the  saving  we  are  called  upon  to  explain,  and  not  5  or 
6  tons  of  coal,  however  instrumental  the  employment  of  hot 
blast  may  have  been  in  leading  up  to  those  general  improve- 
ments which  have  benefitted  both  modes  of  operating. 

With  the  view  of  satisfying  myself  by  personal  enquiry 
what  the  consumption  of  fuel  in  furnaces  fed  with  cold  blast 
actually  is,  and  for  obtaining  information  on  the  process 
generally,  I  have  recently  visited  the  establishments  of  the 
Lilleshall  Iron  Company,  in  Shropshire,  of  the  Blaenavon 
Iron  Company,  and  that  of  my  friend,  Mr.  Crawshay,  in 
South  Wales,  and  I  cannot  deny  myself  the  pleasure  of 
recording  in  this  paper  my  grateful  thanks  for  the  unreserved 
access  which  was  granted  for  the  purpose  of  making  the 
necessary  experiments  and  observations. 

Granting,  then,  for  the  present  moment,  that  a  furnace 
having  its  blast  heated  to  650°  F.  (339°  C),  can  make  a  ton 
of  iron  for  10  or  11  cwts.  less  coke  than  one  driven  with  cold 
air,  this  extent  of  saving,  moderate  as  it  is  when  compared 
to  the  5  tons  of  former  days,  requires  some  explanation,  when 
it  is  remembered  that  the  blast  has  the  650°  F.  (339°  C.)  of 
heat  communicated  to  it  by  means  of  5  cwts.  of  coal,  of  which 
I  have  ascertained  that  more  than  one-half  is  wasted  in  the 
hot-air  apparatus,*  so  that  pradlically  you  have  the  heat  of 
about  2  cwts.  of  fuel  burnt  outside  the  blast  furnace,  effetfling 
a  saving  of  that  burnt  in  its  interior  of  10  cwts.  to  11  cwts. 

The  generally  received  opinion  respecting  the  mode  in 
which  hot  air  effefts  the  redudtion  in  the  consumption  of 
coke  is  that  a  higher  temperature  is  commanded  in  the 
furnace  by  its  use  than  when  cold  air  is  employed,  and,  as 
Dr.  Percy  truly  says  in  his  recent  work  on  "  Metallurgy," 
"  suppose  a  certain  metal  to  require  1000°  C.  for  its  fusion, 

•  The  temperature  of  the  gases  of  combuatior,  leaving  (he  hat-air  stoves  at 
the  Clarence  Works,  was  found  to  be  about  1400'  F.  (760°  C),  to  which  has 
to  be  added  loss  from  radiation. 
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it  might  be  subjected  to  999*  for  ever  without  melting. 
Just  so,"  he  continues,  "  it  may  be  in  the  blast  furnace  with 
respedt  to  the  carburisation  of  the  reduced  iron  and  certain 
other  chemical  adtions  which,  moreover,  take  place  with 
slowness  at  one  temperature  and  with  rapidity  at  another 
more  elevated.  In  order  to  produce  these  adlions  in  a 
furnace  on  cold  blast,  it  is  requisite  to  consume  a  much 
larger  quantity  of  coal  than  in  a  furnace  on  hot  blast.  A 
few  degrees  of  temperature  may  make  all  the  difference." 
The  Dot^or  goes  on  to  explain  certain  minor  causes  which 
may  give  rise  to  some  saving,  but,  in  the  end,  he  admits  that 
none  of  the  answers  which  have  been  given  as  explanations 
of  the  theory  of  the  hot  blast  are  to  himself  satisfaiStory,  and 
that  a  solution  of  the  question  is  still  wanting.  Not  as 
explanatory,  but  as  a  statement  of  a  probable  fa<5t.  Dr.  Percy 
reminds  us  that,  inasmuch  as  for  every  ton  of  iron  made,  a 
larger  quantity  of  coke  is  consumed  when  the  furnace  is 
driven  with  cold  than  with  hot  air,  it  is  clear  the  number  of 
units  of  heat  evolved  can  have  little  to  do  with  the  matter, 
and  that  this  bein^  admitted,  the  inevitable  conclusion  is 
that  calorific  intensity  must  be  concerned,  and  that  the  tem- 
perature of  what  may  be  designated  as  the  most  aiflive  part 
'of  the  furnace  must  be  higher  with  the  hot  blast  than  with 
the  cold. 

It  is  needless  to  trouble  you  with  quotations  from  other 
authorities,  who  all  appear  to  agree  with  this  writer,  although 
some  of  them  quote  other  reasons  than  those  assigned  by 
him  in  support  of  the  view  just  stated. 

Let  us  consider  how  far  this  idea  of  increased  calorific 
intensity  accords  with  probability  and  with  fafl,  and  for  this 
purpose  it  may  be  well  to  regard  the  subject,  in  the  first 
instance,  from  the  practical  point  of  view. 

It  will  probably  be  conceded  that  if  the  temperature  of  one 
furnace  were  greater  than  that  of  another,  the  fused  materials 
from  it,  i.e.,  pig-iron  and  slag,  should  show  some  symptoms 
of  the  difference  of  temperature.  Most  of  the  cold-blast  iron 
smelters  with  whom  I  have  discussed  the  subjeifl  during 
recent  inquiries,  and  all  of  whom  have  also  furnaces  blown 
with  heated  air,  appear  to  consider  that  the  iron  from  the 
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latter  is  the  more  fluid  of  the  two.  This,  however,  may  hi 
due  to  some  difference  in  composition  of  the  metal  itself,  for 
they  all  at  the  same  time  admitted  that,  so  far  as  heat  could 
be  estimated  by  colour,  there  existed  no  reason  for  supposing 
the  temperature  of  either  slag  or  iron  to  be  lower  from  a 
furnace  driven  by  cold  than  from  one  supplied  with  hot 
blast.  In  company  with  our  own  furnace  manager,  Mr. 
Thompson,  a  gentleman  of  lai^ge  experience,  who  assisted  me 
in  my  observations,  I  certainly  arrived  at  the  same  conclusion. 

Again,  experience  and  praiflice  have  demonstrated,  beyond 
all  question,  that  the  produdtion  of  different  qualities  of  pig- 
iron  is  determined  by  the  temperature  of  the  furnace — No.  i 
being  obtained  when  the  working  is  at  the  hottest ;  indeed, 
so  established  a  fa£l  is  this,  that  smelters  are  pretty  well 
agreed  among  themselves  as  to  the  additional  weight  of  coke 
which  is  required  to  raise  their  produce  each  number  in  the 
scale.  Now  this  being  the  case,  where,  it  may  be  asked,  is 
the  authority  for  supposing  that  the  heat  of  a  hot  blast 
furnace  running,  say.  No,  3  iron,  is  higher  than  that  of  a  cold 
blast  furnace  producing  the  same  quality  ?  Were  the 
"  caloriiic  intensity  "  greater,  as  Dr.  Percy  supposes,  one 
would  imagine,  from  the  law  just  alluded  to,  a  higher  quality 
of  metal  would  be  the  result,  as  indeed  happens  whenever,' 
from  any  cause,  the  heat  is  increased. 

It  is  very  true  that  when  a  furnace  is  looked  into  at  the 
tuyeres,  one  blown  with  hot  blast  exhibits  a  dazzling  white 
heat,  whereas  the  large  amount  of  cool  air  poured  into  a  cold 
blast  furnace  produces  a  tuyere  which  is  more  or  less  black ; 
but  are  we  entitled  to  consider  this  refrigeration  more  than 
local  ? 

At  no  portion  of  the  furnace,  except  at  the  top,  does  there 
exist  less  reason  why  the  composition  of  the  gases  should 
experience  more  variation  than  near  the  region  of  fusion  ;  for 
by  this  time  all  chemical  change  in  the  ore  and  flux  has  been 
accomplished.  Neither  is  there  any  portion,  with  the  excep- 
tion above  given,  where  an  average  sample  is  more  easily 
colle<5ted,  inasmuch  as  the  sei5tional  area  of  the  furnace  is 
much  smaller,  and  its  condition  generally  more  uniform  than 
higher  up. 
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Now,  the  first  effeft  upon  the  blast  on  its  being  admitted 
into  the  furnace  is  the  conversion  of  its  oxygen  into  carbonic 
acid,  and  the  extent  of  space  in  which  this  change  is  effeiited 
may  be  accepted  as  an  expression  of  the  intensity  of  the  heat 
produced  in  that  space.  On  looking  over  the  analyses  of  the 
gases  of  furnaces,  I  cannot  iind  any  justification  for  the  idea 
that  the  oxygen  unites  more  rapidly  with  carbon  in  hot  than 
in  cold  blast  furnaces. 

The  same  mode  of  showing  the  meaning  which  is  intended 
to  be  conveyed  has  been  pursued  as  when  describing  the 
composition  of  the  gases  of  the  furnace,  viz.,  by  diagram. 
The  first  one  shows  the  carbonic  acid  and  carbonic  oxide  in 
a  cold  blast,  and  the  other  in  a  hot  blast  furnace,  with  air 
heated  to  190°  C.  (374°  F.),  both  at  Clerval  in  France,  using 
charcoal,  the  analyses  being  those  of  Ebelmen. 
Fig.  113. 
Cold  Bimst. 


In  the  diagram  Fig.  113,  cold  blast,  the  carbon  vapour  from 
existing  entirely  as  carbonic  acid  at  the  tuyeres,  by  the  time 
it  travels  22  inches,  exists  only  in  this  form  to  the  extent  of 
0-93  per  cent  of  the  total  gases,  and,  by  the  time  5  feet  from 
the  bottom  is  reached,  there  is  no  longer  any  carbonic  acid 
present.  In  other  words,  the  oxygen  of  the  blast  has  in  this 
space  been  all  converted  into  carbonic  acid,  and  afterwards 
changed  into  carbonic  oxide. 

In  the  case  of  the  hot  blast  furnace,  a  distance  of  3  feet 

from  the  bottom  shows  0*31  per  cent  of  carbonic  acid,  and  a 

height  of  9}  feet  has  to  be  travelled  before  it  disappears ;  so 
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Fig.  114. 

Hot  Bl*st. 
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that,  untloubtedly,  so  far  as  temperature  can  be  judged  of,  by 
the  emallness  of  the  space  in  which  perfe<5l  oxidation  and 
subsequent  reduflion  to  carbonic  oxide  is  effected,  the  cold 
blast  furnace  would  appear  to  be  the  hotter  of  the  two.  Cer- 
tainly the  diagrams  in  which  the  relative  dimensions  of  these 
spaces  are  expressed  by  the  dark  shading  in  each  case  com- 
prised within  a,  6,  c,  do  not  exhibit  any  reason  for  supposing 
the  temperature  of  the  zone  of  fusion  is  higher  with  the  hot 
blast  than  that  of  cold,  whereas  some  grounds  have  been 
given  to  show  that  the  difference,  if  any,  is  very  trifling. 

Permit  me  to  invite  your  attention,  with  a  view  of  endea- 
vouring to  ascertain  whether  the  mode  of  adtion  of  the  hot 
blast  cannot  be  explained  upon  different  grounds.  Before 
doing  so,  it  may  be  questioned  whether  the  supposed  calorific 
intensity,  suggested  by  Dr.  Percy,  as  being  required  for  the 
carburisation  of  the  reduced  iron,  and  some,  at  least,  of  the 
other  chemical  actions  may  not  be  omitted  in  the  enquiry; 
for,  if  the  views  laid  down  in  this  paper  are  corre(^,  most  of 
the  chemical  changes  on  the  materials  have  been  effedled  in 
a  much  cooler  part  of  the  furnace. 

It  will  be  recolleifted  that  we  started  upon  this  enquiry 
with  supposing  that  the  heat  from  2  cwts.,  or  thereabouts,  of 
fuel,  which  we  will,  for  simplicity's  sake,  assume  to  be  pure 
carbon,  represents  the  heat  thrown  into  a  furnace  by  means 
of  the  blast  being  heated  to  339°  C.  {650°  F.)  In  praflice, 
we  are  pretty  near  the  truth  in  accepting  as  a  fadl,  that  an 
estimate  of  the  heat  developed  by  the  blast  on  the  coke  is 
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obtained  by  considering  its  oxygen  converted  into  carbonic 
oxide  ;  for,  although  at  the  instant  of  its  admission  carbonic 
acid  is  generated,  this  substance  is  almost  as  rapidly  con- 
verted into  carbonic  oxide  by  the  adlion  of  the  incandescent 
coke-  But  in  the  hot-air  stoves  the  2  cwts.  of  carbon  is  con- 
verted permanently  into  its  highest  state  of  oxidation,  and, 
taking  the  units  of  heat  as  2221°  C.  for  burning  carbon  to 
carbonic  oxide,  and  as  7900°  C.  for  burning  carbon  to  car- 
bonic acid,  the  2  cwts.  burnt  in  the  stove  will  represent 
7'ii  cwts.  of  carbon  burnt  in  the  furnace,  or,  say,  something 
like  7J  cwts.  of  coke. 

In  round  numbers,  therefore,  we  may  consider  7I  cwts.  of 
our  saving  of  the  10  or  11  cwts.  to  be  accounted  for,  leaving 
still  2j-  to  3J  cwts.  for  further  investigation. 

Now,  let  us  assume  that  the  coke  required  is  40  cwts.  for 
the  ton  of  cold  blast  iron,  and  into  the  furnace,  blast  heated 
to  339°  (650°  F.)  is  suddenly  introduced,  which  is,  as  we  have 
seen,  equal  in  calorific  power  to  7^  cwts.  of  coke,  so  that  so 
far  as  a  mere  question  of  heat  is  concerned,  something  like 
47J  cwts.  of  coke  is  being  applied  to  the  production  of  a  ton 
of  metal  for  which  40  cwts.  will  suffice. 

A  common  yield  of  calcined  clay  ironstone  is  40  per  cent, 
so  that  50  cwts.  are  required  for  a  ton,  to  which  has  to  be 
added,  say,  12  cwts.  of  limestone.    The  "  burden,"  then,  for 
one  ton  of  cold  blast  iron  would  be — 
Coke,  40  cwts.;   calcined  ironstone,  50  cwts.;    limestone, 

12  cwts. 
But  by  the  addition  of  the  equivalent  of  7J-  cwts.  of  coke, 
these  proportions  will  require  a  corresponding  modification, 
and  a  ton  of  iron  will  be  represented  by — heat  in  blast,  equal 
to  7^  cwts.  of  coke ;  coke  reduced  by  this  addition  of  heat  in 
the  blast  to  32^  cwts. ;  calcined  ironstone  and  limestone  as 
before,  viz.,  62  together. 

But  what  is  the  effedl  on  the  fumaee  itself  by  such  a  change 
in  the  proportion  of  its  contents.  To  answer  this,  let  us 
imagine  a  furnace  with  a  capacity  of  6,000  cubic  feet. 

The  weights  of  the  materials  used  at  the  Clarence  Works 
have  been  carefully  ascertained,  and,  as  chained  into  the 
furnace,  are — 
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Coke,  o'234  cwt.  per  cubic  foot  as  contained  in  the  barrow. 
Calcined  ironstone,  o-5a4  cwt.  per  cubic  foot  as  contained  in 

the  barrow. 
Limestone,  0706  cwt.  per  cubic  foot  as  contained  in  the 

barrow. 
Or,  taking  the  average  of  the  two  last  together,  in  the  pro- 
portions they  are  used,  0*640  cwt.  will  represent  a  cubic  foot. 

It  was  further  determined  that  the  weight  of  material  in 
a  furnace,  before  being  lighted,  was  such  as  to  indicate  a 
compression  of  something  like  25  per  cent,  so  that  a  furnace  of 
6000  cubic  feet  would  contain  7500  cubic  feet  of  materials  as 
measured  in  the  chaining  barrows. 

By  these  figures  it  would  appear  that  such  a  furnace 
working  on  cold  blast  would  contain — 

Coke 56  tons. 

Calcined  ironstone  and  limestone      .    87    „ 

H3    .. 
but  introduce  the  air  heated  so  as  to  reduce  the  coke  to  about 
30  cwts.  to  the  ton  of  iron,  and  the  furnace  would  contain  of 

Coke 50  tons. 

Calcined  ironstone  and  lime     .     .     .  103    ,, 

153    .. 

Keitber  of  these  two  sets  of  figures  really  represents  what 
is  contained  in  a  blast  furnace  at  any  one  time  when  filled 
and  in  working  order.  In  the  case  of  the  hot  blast  furnace, 
103  tons  of  ironstone  and  limestone  represent  twenty-four 
hours'  working,  whereas,  as  is  well  known,  it  requires  some- 
thing like  thirty-six  hours,  at  the  usual  rate  of  driving,  to 
pass  the  entire  contents  through  such  a  furnace.  The 
estimate  is  based  on  what  7500  cubic  feet  will  contain  of 
cold  materials,  whereas,  when  the  furnace  is  in  full  operation, 
the  coke  loses  considerably  in  weight  before  it  reaches  the 
tuyeres,  and  the  other  materials  become  greatly  condensed 
as  they  approach  the  seat  of  fusion. 

It  would  be  almost  impossible  to  ascertain  to  what  extent 
these  figures  become  modified  by  the  action  of  the  heat  when 
the  furnace  is  in  blast,  or  what  the  effei^  of  the  altered  pro- 
portions would  be  on  the  temperature  of  the  ascending  gases. 
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To  obtain  the  exa<ft  figures  for  this,  we  ought  to  have  the 
specific  heat  of  all  the  various  materials  in  thefuraace  ;  and 
it  would  be  equally  difficult  to  ascertain  what  the  specific 
heats  of  the  contents  of  the  furnace  really  are  during  the 
process  of  smelting,  as  it  is  difficult  to  ascertain  the  tem- 
perature of  the  different  portions  of  the  interior  of  a  furnace. 

Schinz  has  shown,  in  a  recent  work,  how  rapidly  the 
specific  heats  increase  with  rise  of  temperature.  According 
to  his  researches,  the  following  list  shows  the  change  of 
specifiic  heat  with  elevation  of  temperature : — 

At  Coki.  Lincilane.  Lime.  Inn  On.  Iron.  SUc. 

100*  C.  o'i57  o-i66  tcai6  0-171  —  — 

350°  C.  01B6  0-273  0Z33  o-iSj  —  — 

500*  C.  0334  0-451  0-260  o»og  —  — 

750°  C.  0183  o-6j8  0-^87  o  133  —  — 

Jooo°C.  0330  —  0-314  oaj7  o-isj  0-I59 

1500'  C.  0-438  ^                —  —  o-i(i4  0-3M 

aooo'C.  o-5»j  w_                —  —  o-3i6  0-384 

Without  any  information  to  guide  us  as  to  the  exadt  con- 
dition, chemically  speaking,  of  the  contents  of  the  furnace, 
or  the  rate  at  which  they  lose  weight  and  acquire  heat,  it 
would  be  mere  guess-work  to  estimate  the  number  of  units 
of  heat  intercepted  by  the  materials  under  treatment. 

That  the  withdrawal  of  so  many  cubic  feet  of  coke,  and 
the  substitution  of  substances  nearly  three  times  its  weight, 
and  with  a  mean  specific  heat  rather  higher  than  that  of  the 
coke  itself,  must  permit  a  more  perfcdt  absorption  of  heat 
from  the  ascending  current  of  gas  is  obvious. 

In  illustration  of  this,  an  experiment  made  at  the  Clarence 
Works  may  be  quoted.  Through  a  pipe  12  inches  in  dia- 
meter and  6  feet  high,  a  given  volume  of  air,  heated  to  the 
melting  point  of  lead,  was  passed. 

The  pipe  was  filled  with  coke  properly  dried,  and  after- 
wards with  calcined  ironstone,  and  then  limestone.  The 
power  of  intercepting  heat  from  the  same  volume  of  air  is 
expressed  by  the  following  numbers  : — 

For  coke 100 

„    calcined  ironstone 18S 

„     limestone 144 

Looking  at  the  complicated  nature  of  the  problem,  it 
appears  as  if  there  is  no  alternative  left  but  to  ascertain  the 
a^ual  amount  of  heat  carried  off  in  the  escaping  gases,  after 


,;  Google 


6l6  SUPPLEUBNT. 

they  have  performed  their  work  in  the  furnace,  and  this, 
during  a  whole  day,  was  done  most  carefully  at  the  Cyfarthfa 
works  at  a  hot  and  cold  blast  furnace. 

The  mode  of  procedure  was  as  follows : — To  ascertain  the 
temperature  of  the  gases,  a  pyrometer,  made  by  Kraua,  of 
Paris,  was  plunged  into  the  gases  where  they  left  the  furnace, 
and  occasionally  an  observation  was  taken  by  means  of 
apparatus  supplied  by  Mr.  C.  W.  Siemens,  consisting  of  a 
copper  cylinder,  which,  being  immersed  in  the  gases,  indi- 
cated their  temperature  by  the  amount  of  heat  it  conferred 
on  a  given  quantity  of  water.  Both  of  these  instruments 
are  open  to  the  obje(5lion  of  requiring  time,  so  that  in  cases 
where  the  temperature  is  constantly  changing,  neither  gives 
results  which  are  Btri(ftly  correft.  To  obviate  this  difficulty, 
I  construdled  another  pyrometer,  which,  though  liable  to 
some  irregularity,  possesses  the  advantage  of  being  much 
more  immediate  in  its  indications.  It  was  simply  a  copper 
tube,  about  3  feet  long  and  i  inch  diameter,  closed  at  the 
lower  end  and  screwed  into  a  Bourdon's  pressure  gauge,  so 
that  it  was  hermetically  tight.  The  expansion  of  the  air  by 
increasing  the  pressure  enabled  me  to  read  off  minute  varia- 
tions almost  the  instant  they  took  place. 

To  estimate  with  strict  correctness  the  heat  carried  off 
with  the  gases,  an  analysis  of  samples  extending  over  some 
hours  would  have  been  required,  both  for  the  purpose  of  cal- 
culating the  quantity  and  the  specific  heat.  This  was  not 
in  my  power  to  do,  and  in  consequence  the  composition  of 
the  escaping  gases  has  been  assumed  as  being  the  same  as 
those  given  off  by  a  furnace  of  nearly  the  same  dimensions 
at  the  Clarence  works.  It  is  believed  that  any  difference  in 
respeft  to  this  will  not  seriously  affet^  the  results  of  the 
calculation. 

The  gases  were  assumed  to  contain,  according  to  weight — 


CO,,  9  i  CO,  32 ;  N,  59  = 

roo. 

C  in  CO,  -  245      C  in  CO  -  1371 
0      „      =  6-55     0      „      =  1829 

-  Total  C  i6-i6 
„      0  24-84 

Total  CO,    g-CK)    Total  CO     32-00  TotalCandO  41-00 
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Coke  used  per  ton  of  iron  was —        cwts.  34"8o 

Deduct  ash 5  per  cent  i'74 

HO  (weather  was  wet)  .    5        „        174 
For  combination  with  iron  0*74 

4-22         30-58 

Carbon  in  limestone 2'iz 

Total  carbon  going  off  in  gases  ....    3270 
With  the  composition  of  the  gases  given  above  this  carbon 
will  be  volatilised  in  the  following  state  as — 
COj  .     .    4-96  cwts. 
CO    .    .  2774    „ 

3370 

C     4"96  for  conversion  to  COj  requires  O  I3'a3 
C  2774  „  CO        „        O  36-99 

32-70  Total    O   .     .     .     ,     50-22 

But  in  the  materials  themselves  there  is — 
O  in  the  COj  of  the  limestone  (viz., 

17-66  cwts.  per  ton  of  iron)  =     .     .     5*65  cwts. 
O  in  48-43  ores  (part  of  Fe  being  as 

FeO) 7*35     .. 

13-00 

Leaving  to  be  supplied  by  blast  of  O  .     .    37-22 
The  total  weight,  then,  of  the  gases  would  be — 

Carbon 32-70  cwts. 

Oxygen 50*22     „ 

Nitrogen  accompanying  37-22  O  of  blast     124-60    ,, 
Water  in  coke,  174  ;  water  in  ore,  2'i9  .         3-93     „ 

2"'45     .. 
We  have  as  total  weight  of  gases — 
C,  4-96  +  0, 13-23  =  C0„  18-19  cwts. 
C,  27-74  +  0,  36-99  =  CO,  64-73     .. 

N 124-60    „ 

HO 3-93     ., 

■ =  211-45 

The  mean  temperature  of  these  gases  as  they  left  the  fur- 
nace was  ascertained  to  be  445°  C.  (833  F.) 

By  multiplying  these  weights  by  their  various  specific  heats 
and  temperature  we  have — 
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CO,       ....      18-19   ^   0-2I3   X   445^ 

£** 6473  X  0-288  X  445M 

N ia4'6o  X  0'275  x  445  f     "^  ' 

HO 3-93  X  i-ooo  X  445'J 

And  this  divided  by  2221  units  of  heat,  burning  C  to  CO, 
gives  I2'i6  cwts.  carbon,  or,  say,  12*76  dry  coke,  as  going 
off  with  the  escaping  gases  from  the  culd  blast  furnace. 

In  the  case  of  the  hot  blast  furnace,  with  air  heated  to 
320°  C.  (608°  F.),  the  calculations  stand  thus — 

Coke  used  per  ton  of  iron  was —  26-74  cwts. 

Dedu(5t  ash  in  coke  5  per  cent     1-33 
Ditto  HO  in  do.  „  1-33 

Ditto  C  combined  with  iron        074 

3*40    .. 

Zi'34 

Lime  was  added  in  its  caustic  state,  hence  there  is  no 
carbon  to  include  from  this  source. 

Upon  the  same  basis  as  the  previous  calculation  the  carbon 
will  be  given  off  in  the  gases  as — 

CO,     .    .     .      3'53  cwts. 
CO.     .     .     .     19-81     „ 

23"34 

C    3*53  requires  for  conversion  to  COj  —  of  O    9*41 
C  19-81        „  „  „     CO   -  of  O  26-41 

a3'34  35'82 

Less  O  in  the  ores,  Fe  partly  existmg  as  FeO  8-12 
Leaving  0  to  be  supplied  by  blast  ....  27-70 
Total  weight  of  gases  will  be — 

Carbon 23-34 

Oxygen 35-82 

Nitrogen  accompanying 27-70  0    92-73 
Water  in  coke,  1-33,  and  ore,  1-73    3-06 

154-95  cwts. 

The  mean  temperature  of  these  gases  was  ascertained  to 
be  477°  C.  (891°  F.),  and  their  estimated  constitution  would 
be  as  follows : — 

C,    3*53  +  0,    9-41  =  CO,  12-94 
C,  19-81  +  O,  26-41  =  CO  46-22 

N 9273 

HO 3-06 

154-95  cwts. 
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N  .    . 

.    92-73  X  0-275 

HO    . 
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By  multiplying  these  weights  by  temperature  and  specific 
heats  we  have — 


;  ^^f*  =  21274. 


This  divided  by  2221  —  9*57  cvrts.  carbon,  or  dry  coke, 
Io'04. 

Now,  as  the  heat  escaping  from  the  cold  blast  furnace 
represented  in  coke  for  each  ton  of  iron  is  .  .  1276  cwts. 
Whereas  with  that  on  hot  blast  it  is  only    .     ■     10*04     „ 

It  follows  there  is  escaping  from  the  cold  blast 
furnace,  above  that  going  off  from  the  hot, 
heat  equal  to  coke 2*72     „ 

We  have  in  consequence  the  total  saving  of  coke  as  follows — 

1st.  By  use  of  blast  heated  as  formerly  stated       7*50  cwts. 
2nd.  By  diminution  of  loss  of  heat  in  the 

escaping  gases 2*72     „ 


Which  accords  with  the  saving  given  as  effected  by  the  use 
of  5  cwts.  of  coal  for  heating  the  air,  of  which  only  about 
2  cwts.  were  really  available. 

It  may  be  interesting  to  compare  the  duty  of  the  two  dif- 
ferent furnaces,  by  deducing  the  heat  carried  off  by  the  waste 
gases  and  that  required  for  melting  the  slag,  which  latter 
varies  of  course  in  amount  according  to  the  minerals  used. 
In  estimating  thfe  fuel  required  for  this  latter  object, 
Vathaire's  figures  of  550  units  per  kilogramme  of  slag  is 
accepted  as  the  basis  of  calculation. 

The  hot  blast  furnace  in  Wales  stands  thus,  making  white 


*  Tbe  U&  that  veiy  different  material*  were  employed  ia  the  two  furaaces 
which  were  examined,  prevents  a  striS  comparigon  between  their  respedive 
temperatnies  being  inatitnted.  All  that  can  be  done  ia  10  ascectain  in  both 
caaea  (he  aAual  amount  of  heat  escaping. 
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Coke  used  per  ton  of  iron 26'74  cwts. 

Heat  contained  in  120  cwts.  of  blast  at  320° 
120  X  0-287  X  320 

=carbon  4-95  =  coke      5'i6    „ 

2221  

Heat  escaping  with  gases— 
As  formerly  calculated  =  carbon  9*57 
Melting  23  cwts.  slag,  do.  .     .  5*70 

i5"27  =  coke  16-04  cwts. 

Leaving  for  redutStion  and  fusion  of  metal,  loss     

from  radiation,  &c I5'86     „ 

The  cold  blast  furnace  in  Wales  exhibits  the  following 
results,  also  producing  white  iron : — 

Coke  used  per  ton  of  iron  as  formerly  given  .     .     34'8o 
Heat  37°  C.  (loo*  F.)  contained  in  blast  pro- 
duced    by    compression    in    blast     engine 
162  X  0-287  X  37  ■^  22ZI 073 

35-58 
'  Heat  escaping  with  gases  as 
formerly     estimated       = 

carbon 12*16 

Melting  30  cwts.  of  slag,  do.      7-43 

i9"59  =  coke  ao'49 

Leaving  for  redudlion  and  fusion  of  metal,  

loss  from  radiation,  &c iS'og* 

Let  us  test  by  another  method  this  mode  of  calculation. 
Suppose  two  furnaces  of  such  dimensions,  and  using  such  a 
kind  of  mineral  that  for  producing  the  same  quality  of  iron 
the  consumption  was  30  cwts.  per  ton  of  iron  for  hot  blast, 
and  40  cwts.  for  cold  blast. 

For  the  hot  blast  furnace  we  have  coke     .     .     30  cwts. 
And  with  the  air  at  800°  F.  (426°  C.)  there 
will  be  heat  equal  in  coke  to  about  ...      8     „ 

38     „ 
Deduct  for  heat  carried  off  by  gases  some- 
thing like 9    „ 

Leaving  for  reducing  iron,  fusing  it  and  the 
slag,  loss  by  radiation,  &c., 29     „ 

*  The  iron  from  thia  furnace  wai 
the  hot  blast  furoace,  which  may  ai 
1509  cw«. 
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In  the  case  of  the  cold  blast  furnaces  the 
coke  is  taken  at 40  cwts. 

Added  with  blast  by  compression  heat  equal 
in  coke  to  about i     ;, 

41     .. 
Carried  off  by  gases,  say 12    „ 

Leaving  for  reduction  of  iron,  &c 29     „ 

Imagine,  now,  that  instead  of  introducing  with  the  blast 
the  heat  of  8  cwts.  of  coke,  an  equivalent  of  which  and  more 
escapes  at  the  top  of  a  low  furnace,  measures  were  taken  to 
prevent  this  source  of  loss,  which  is  something  like  12  cwts. 
of  coke  in  the  case  of  one  blown  with  cold  air.  This  could 
be  done  by  adding  something  to  the  height,  and  thus  cause 
the  highly  heated  gases  to  yield  up  the  greater  portion  of 
their  heat  to  the  additional  materials  contained  in  this 
increase  of  si^e.  If  the  temperature  of  the  gases  from  a  cold 
blast  furnace  was  such  that  it  represented  2  instead  of 
12  cwts.  of  coke,  a  clear  saving  of  10  cwts.  would  be  effedted 
by  the  change,  or  the  40  cwts.  of  coke  per  ton  of  irop  might 
be  reduced  to  30  cwts.,  for  we  would  have  30+1  cwt.  for 
heat  conveyed  in 

The  blast  = 31 

Less  carried  off  in  gases    ...      2 

Leaving  for  actual  furnace  work  29 
Now,  this  is  exaiftly  what  has  been  done  at  the  Lilleshall 
Iron  Works.  Furnaces  formerly  50  feet  high  have  been 
raised  to  71  feet  in  height,  and  the  consequence  has  been 
that  those  of  the  latter  dimensions,  blown  with  cold  air 
are  making  iron  for  the  same  quantity  of  fuel  used  by  hot 
blast  furnaces  of  the  former  size,  viz.,  50  feet. 

Unfortunately,  the  mode  of  construftion  is  not  such  as  to 
permit  a  verification  of  the  aftual  heat  going  away  from 
each  ;  but  there  is  little  doubt  that,  were  this  done,  we  should 
see  that  the  sum  of  heat  introduced  by  coke  and  blast,  minus 
that  escaping,  gives  in  both  cases  the  same  result  to  repre- 
sent work  adtuatly  performed. 
Of  course,  all  this  forms  no  argument  against  the  economy 
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of  the  hot  blast ;  because  from  fumacea  of  48  and  50  feet, 
blown  with  heated  air,  something  like  10  cwts.  of  coke  escapes 
in  the  gases — a  loss  which  has  been  reduced  to  something 
under  one-half  of  this  by  adding  30  feet  to  their  height ; 
indeed,  it  was  with  hot  blast  furnaces  that  the  great  advan- 
tage of  increased  height  was  first  demonstrated. 

It  is  almost  needless  to  say  that  there  are,  in  connedtion 
with  the  blast  furnace,  many  other  questions  of  a  highly  in- 
teresting nature  in  a  scientific  point  of  view,  as  well  as  most 
important  regarded  as  matters  of  praiftical  economy,  which 
the  length  of  time  I  have  occupied  your  attention  forbids  me 
to  enter  upon.  Such  is  the  aiftual  heat  given  off  by  the 
combustion  of  the  fuel  compared  with  the  real  effei5t  pro- 
duced, together  with  many  others.  I  have,  instead  of  going 
into  these,  preferred  submitting  for  your  consideration  views 
connected  with  the  subjeft  of  iron  smelting,  which,  so  far 
as  I  know,  differ  in  some  respetfts  from  those  previously 
expressed. 


THE  SCHINZ  BLAST  FURNACE.^ 

The  chief  and  vexed  question  in  the  metallurgy  of  iron 
has  lately  been  investigated  and  pondered  over  by  one  of  the 
scientific  authorities  on  the  Continent,  Herr  C.  Schinz,  who 
has  published  an  account  of  his  experiments  concerning 
principally  the  heat  and  the  reduAion  of  materials  in  blast 
furnaces,  and  has  ventured  to  recommend  a  new  system  of 
treating  the  ores,  based  upon  the  result  of  his  researches. 
It  is  an  acknowledged  fa^  that  oxide  of  iron  is  easily  re- 
duced if  a  current  of  hydrogen  be  passed  over  it  at  red  heat. 
A  current  of  carbonic  oxide  would  be  equally  serviceable,  and 
to  the  efficacy  of  this  agent  the  inventor  and  patentee  has 
direfted  special  attention.  By  partial  elimination  of  nitro- 
gen, through  the  means  of  an  artificial  supply  of  carbonic 

*  The  Eagioeer,  Noa.  697  and  699,  May  7  ftnd  31,  1S69. 
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oxide,  he  endeavours  to  show  that  extensive  improvements 
in  the.  production  of  iron  can  be  effected.  We  will  put 
before  our  readers  his  arguments  and  the  application  to  the 
kind  of  blast  furnace  the  use  of  which  he  advocates. 

If  a  volume  of  carbonic  acid  is  passed  over  coal  or  any 
other  substance  containing  carbon  at  red  heat,  half  the 
volume  of  carbon  is  taken  up,  and  instead  of  carbonic  acid 
we  obtain  two  volumes  of  carbonic  oxide.  Burning  these  in 
the  presence  of  atmospheric  air,  we  obtain  two  volumes  of 
carbonic  acid,  and  with  them  3771  volumes  of  nitrogen  set 
free.  These  products,  brought  again  in  conta<5t  with  hot 
coal,  form  four  volumes  of  carbonic  oxide,  together  with 
3'77i  volumes  of  nitrogen.  Now  it  is  evident  from  these 
data,  since  the  number  of  volumes  of  carbonic  oxide  is 
doubled,  while  that  of  nitrogen  remains  unchanged,  that  the 
former  is  increased  from  34-65  per  cent  to  Si"47  !«=•'  cent. 

Regarding  the  question  of  proportionate  expense  in  pro- 
ducing carbonic  oxide  artificially,  as  we  may  call  it,  Herr 
Schinz  speaks  with  much  confidence,  and  after  a  short 
sketch  of  his  investigations  with  regard  to  the  theory  of  blast 
furnaces,  we  will  give  his  proposals  and  the  plan  upon  which 
he  means  to  work. 

His  theories  and  experiments,  resulting  in  a  considerable 
and  interesting  amount  of  carefully  compiled  tables,  open  a 
vast  field  of  argument,  which  must  tend  to  advance  the 
embryo  of  a  science  so  universally  important  and  yet  treated 
in  so  stepfatherly  a  manner. 

By  the  process  of  burning  we  understand  the  chemical 
combination  of  the  oxygen  in  the  air  with  the  carbon  and 
the  hydrogen  contained  in  the  fuel.  The  produifls,  the 
evolved  heat,  and  its  intensity,  are  not  always  the  same ;  they 
change  under  circumstances  which  we  have  to  consider. 
The  influences  at  work  are,  the  number  of  the  points  of 
contadt  which  the  fuel  offers  to  a  given  volume  of  air  in  a 
unit  of  time,  the  height  of  temperature  in  the  hearth,  the 
purity  and  dryness  of  the  air,  and  the  pressure.  The  heat 
produced  is  8000  thermal  units,  if  only  carbonic  acid  is 
formed,  per  unit  (weight)  of  carbon,  and  2400  thermal  units 
if  this  carbon  bums  to  carbonic  oxide. 
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The  free  hydrogen  in  the  fuel  at  a  sufficiently  high  tem- 
perature forms  always  water  evolving  3400  thermal  units 
per  unit  (weight).  It  is  to  be  observed  that,  if  the  tempera- 
ture be  too  low,  carburetted  hydrogen  is  produced  instead. 
The  intensity  of  the  heat  depends  upon  the  admixture  of 
bodies  which  take  no  part  in  the  combustion,  such  as  nitro- 
gen and  steam  ;  secondly,  upon  the  quantity  of  the  ai5tually 
developed  heat ;  and,  lastly,  upon  the  pressure  to  which  the 
produdls  are  subjedted.  With  regard  to  the  points  of  contaifl, 
the  author  considers  the  recent  American  method  of  blowing 
the  fuel  into  the  furnace  an  extreme  and  expensive  measure, 
and  recommends  instead  of  it  the  conversion  of  fuel  into 
operative  gases.  The  difficulty  with  the  former  process  of 
finding  the  proper  amount  of  air  requisite  for  the  combus- 
tion might,  according  to  his  method,  be  easily  overcome. 
Experiments  made  with  pieces  of  fuel  cut  to  certain  dimen- 
sions resulted  in  showing,  (i)  that  a  perfe^  combustion 
depends  upon  the  contact  surface  in  proportion  to  the 
rapidity  of  the  blast ;  (2)  that  per  square  metre  that  velocity 
ought  to  be  o*39  metre ;  (3)  that  at  a  decreased  velocity 
combustible  gases  will  appear  in  the  produtfls ;  (4)  that  at  a 
velocity  of  o*39*  metre  nearly  all  the  carbon  is  turned  into 
carbonic  oxide.  The  pores  of  the  various  kinds  of  fuel,  and 
the  point  of  attack  which  they  offer,  have  not  been 
numerically  considered  in  the  above.  Certain  modifications, 
consequently,  will  be  necessary  where  charcoal,  anthracite, 
or  pit  coal  is  used  instead  of  coke.  Charcoal  is  the  most 
porous  of  the  four ;  anthracite,  which,  when  experimented 
upon,  allows  considerably  more  air  to  waste,  thereby  proves 
to  be  the  denser  material. 

At  a  temperature  of  500°,  the  surface  of  contaift  must  be 
very  large  to  bring  one-third  of  the  carbon  to  carbonic  oxide, 
while  the  redu(5tion  and  formation  of  carbonic  acid  at  a  high 
temperature  require  hardly  any  contaft  surface  at  all,  the 
reasons  for  which  circumstance  will  be  shown  further  down. 
According  to  analysis  in  a  trial  on  10*47  square  metres  with 

*  This  figure  {■  ^ven  o-og  in  the  documeati  htfort  a»,  which  evidentlj  i(  1 
miipriot.      1 
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one  cube  metre  cif  air,  the  amount  of  carbonic  acid  was 
7 — 12  per  cent,  on  21 — 23  per  cent  of  carbonic  oxide. 
Although  the  air  contained  in  the  fuel  itself  had  some  in- 
fluence on  the  experiments,  yet  it  may  be  accepted  with  a 
fair  amount  of  probability  that,  in  blast  furnaces,  on  one  cubic 
metre  of  air  per  second  one  square  metre  of  contact  surface 
is  required  for  the  formation  of  carbonic  acid,  and  twelve 
square  metres  for  the  reduction. 

Where  the  horizontal  se^ftion  of  the  hearth  and  the  height 
of  the  layer  of  fuel  above  the  grate  are  known,  the  calcula- 
tion of  the  conta<5t  surface  is  an  easy  task  when  the  pieces 
are  of  equal  size. 

The  space  S  between  the  pieces  of  fuel  is,  for  one  and  the 
same  surface,  always  the  same,  be  the  pieces  large  or  small. 

For  S  =  (i — «')  rf*  tr 
(»'  expresses  the  number  of  pieces  to  a  cube  metre,  d  the 
diameter  of  each  piece,  and  /  the  side  of  the  cube  metre). 

If  d,  /,  1,  be  thirty  millimetres,  we  find  according  to  the 
formula  «'  =(7)'* 

«'  =(^}'=  37038  pieces 
and 


■-(0-. 


:    IIII 

Consequently  the  space  between  the  pieces 

r  —  (  iiif  ^~— 1  =  0-2146  square  metres. 

The  influence  of  the  season  upon  the  process  is  evident 
from  the  following  data  : — 

One  cubic  metre  of  atmospheric _ air  contains,  when  satu- 
rated with  vapour  : — At  0°  C.  temperature,  o'oo52  kilo, 
vapour ;  at  5°,  0-0073  ;  at  10°,  O'oogs ;  at  15°,  0*0128 ;  at 
20°,  o"oi68  ;  at  25°,  0*0220  ;  at  30°,  0*0285  ;  a*  35°>  0*0370 
kilo,  vapour. 

This  table  shows  that  the  amount  of  humidity  in  the  air 
increases  with  the  temperature.  It  is  also  experienced  that, 
in  the  winter  time,  the  fuel  can  carry  more  than  in  the 
summer  time,  which  herein  must  find  its  explanation.  Nor 
is  this  circumstance  a  trifling  one,  since  we  shall  be  able  to 
demonstrate  that  nearly  one-fifth  of  the  otherwise-produced 
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heat  may  thus  be  absorbed  by  the  hydrogen  liberated  from 
the  oxygen  of  the  water.  Suppose  0-037  ''"o-  of  t^ie  latter 
to  be  contained  in  the  cube  metre  of  the  blast — not  an  un- 
likely thing  to  occur  where  the  blast  and  steam  engines  are 
in  the  same  room — and  suppose  looo  kilos,  of  coke,  con- 
taining 75  per  cent  of  carbon,  to  be  consumed  in  the  furnace, 
*^*"  i^  ^  0*208333  ''■lo'  <*f  carbon  will  be  burnt.  They 
require  0*27777  of  oxygen,  corresponding  to  0*96112  kilo., 
or  070682  cube  metre  of  atmospheric  air  for  their  combus- 
tion. At  0*037  ''■lo*  per  cube  metre,  as  mentioned  above, 
there  would  be  o"026i5  kilo,  of  steam  contained  in  that 
amount  of  air.  Hence  we  have  0*0029055  kilo,  of  hydrogen, 
which,  during  the  generation  of  carbonic  oxide,  absorbs 
0*0029055  X  34000  =  98*789  thermal  units,  while  the 
0"208333  of  carbon  burnt  to  carbonic  oxide  gives  but 
o"2o8333  X  24000  =  499'99  thermal  units.  Consequently, 
instead  of  0*48611  kilo,  of  carbonic  oxide  and  0*68335  kilo, 
of  nitrogen,  whose  specific  heat  is  0"I205I0  x  0*166740  = 
0*28725,  we  have  0*48611  kilo,  of  carbonic  oxide,  0-0029 
kilo,  of  hydrogen,  and  0-60683  'ti'o.  of  nitrogen,  whose 
specific  heat  is  0*120510  -f-  0*009892  +  0*148060  =  0*278462, 
from  which  we  calculate  the  temperature  with  a  dry  blast  to 
be  E^  =  1740°.  and.  with  a  humid  one,  only  ^^^  =  1441°. 
Another  important  feature  is  presented  by  the  influence  of 
the  blast  itself.  The  temperature  of  the  produfls  of  com- 
bustion depends  upon  the  volume,  since  the  generated  heat 
is  distributed  around  ;  if  these  produifts  are  compressed  the 
temperature  must  necessarily  increase,  and  bring  about  a 
more  rapid  consumption  of  carbon,  and  hence  a  quicker 
descent.  The  effeft  of  this  is  a  direft  reduction  of  the  oxides, 
silica,  &c.,  in  the  ores  by  solid  carbon.  In  most  instances, 
however,  the  amount  of  pressure  cannot  be  regulated  or  even 
ascertained,  since  it  depends,  to  a  great  extent,  upon  the  re- 
sistance of  the  smelting  pile.  A  strong  blast  bringing  about 
a  quicker  descent  is  injurious  to  the  quality  of  the  metal  for 
two  distin<^  reasons.  In  the  first  instance,  the  gases  gene- 
rated for  the  reduction  of  the  ores  are  breaking  their  way 
through  wide  channels  without  permeating  the  mass  in 
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minute  windings.  The  smelting  at  the  base  creates  a  hollow 
into  which  the  unreduced  ores  fall  in  a  mass,  thereby  re- 
tarding the  functions  of  the  furnace.  Even  if  the  quantity 
be  too  small  to  effei5l  a  serious  disaster,  yet  by  the  smelting 
of  the  ores  in  the  hearth  there  is  left  but  little  chance  for  the 
reduction  ;  but  whatever  of  direft  reduction  may  take  place 
is  not  a  desirable  occurrence,  since  heat  is  thereby  absorbed 
to  such  an  extent  that,  without  speedy  assistance,  stagnation 
is  not  an  improbable  thing  to  ensue.  Secondly,  the  crude 
iron  itself  may  begin  to  burn,  which  will  increase  the  tem- 
perature considerably  in  the  whole  of  the  internal  cavity  of 
■  the  furnace,  1276  thermal  units  per  kilo,  being  freed.  The 
danger  in  this  instance  is  not  so  much  the  want  of  means 
for  mending  the  defe<5t  as  the  tendency  to  do  too  much  by 
resorting  to  extreme  measures,  which,  while  curing  the  one, 
bring  about  another  and  a  new  disturbance. 

A  consideration  of  the  quantity  and  intensity  of  heat  will 
bring  us  back  to  the  main  point  of  the  invention. 

One  kilo,  of  carbon  requires  for  its  combustion  to  carbonic 
acid  (6  :  I  =s  16  :  *). 

2-666  kilos.  =  j^g  =  1-8654 
cube  metres  of  oxygen,  with  which  we  find  (according  to 
i'8654  :  20*96  =  70*04  :  x)  7*0309  cubic  metres  =  8*8347 
kilos,  of  nitrogen,  provided  that,  as  usually,  air  is  used  for 
the  blast.  One  kilo,  of  carbon  burned  to  carbonic  acid 
evolves  8000  thermal  units.  The  produAs  of  combustion 
consist  of — I  carbon  +  2'66,  oxygen  =  3'66  kilos,  of  carbonic 
acid,  and  i2'365  kilos,  of  nitrogen.  Now,  the  specific  heat 
of  these  produ<5ts  is — carbonic  acid,  3-6  x  0-2164  =  o'79344; 
nitrogen,  8*8347  **  0*2440  =  2*1557 ;  together  =  2*94914. 

Dividing  this  specific  heat  into  the  produced  heat,  we 
obtain  the  temperature  generated  by  the  combustion,  viz., 
^-  =  2712-7°  C,  which  also  expresses  the  intensity  of  the 
fire. 

If  pure  oxygen  were  used  instead  of  air,  the  quantity 
evolved  would  remain  the  same,  but  the  intensity  would  in- 
crease, since  no  more  nitrogen  would  encumber  the  volume 
of  the  gases.     The  intensity  would  be  5^  =  loo82*8°  C, 
2  s  2 
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or  nearly  four  times  as  great.  The  use  of  pure  oxygen, 
however,  is  at  present  out  of  the  question  or  account 
of  the  expense  involved  ;  and  hence  we  must  put  aside  the 
idea  of  getting  rid  of  nitrogen  altogether ;  but  we  might 
eliminate  part  of  it,  and  this  the  patentee  means  to  effetfl  by 
burning  pure  carbonic  oxide  in  air,  and  condudting  the  pro- 
duAs  thereby  gained  over  solid  carbon,  where  they  are  re- 
duced again  to  carbonic  oxide,  which  then  is  re-bumed. 
Now,  0"5  kilo,  of  carbon  correspond  to  i"i666  kilos,  of  car- 
bonic oxide,  for  the  combustion  of  which  we  require  o'6666 
kilo,  of  oxygen  ;  they  being  obtained  from  the  atmosphere, 
introduce  2"2o87  of  nitrogen.  The  thus-formed  i"8333  kilos, 
of  carbonic  acid  give,  by  taking  up  o'5  kilo,  of  carbon, 
2*3333  kilos,  of  carbonic  oxide,  which  require  i'33  kilos,  of 
oxygen  and  4'4i74  kilos,  of  nitrogen,  the  produ(5ts  at  last 
containing  3'6666  kilos,  of  carbonic  acid,  6'5a6i  kilos,  of 
nitrogen,  whose  specific  heat  is  3"6666  x  0*2164  =  0*79344, 
and  6*6261   X  0*2440  =  l'6i68o;  together,  2-41044. 

But  if  the  originally  burnt  1-1666  kilos,  of  carbonic  oxide 
are  cold,  the  heat  produced  is  only  that  which  corresponds 
to  the  lastly-obtained  carbonic  oxide,  viz.,  2*3333  kilos,  x 
2400  =  5599*9  thermal  units,  for  the  heat  generated  by  the 
combustion  of  i*i666  kilos,  of  carbonic  oxide  is  all  used  again, 
in  order  to  reduce  carbonic  acid  to  carbonic  oxide.  By  per- 
forming the  same  operation  as  above,  we  find  a  temperature 
of  only  ^^  =  2323°  C.  That  is,  less  than  we  obtained  by 
a  direft  combustion,  which  showed  2712°  C.  If,  however — 
and  here  we  touch  upon  another  point — ^we  pre-heat  the  car- 
bonic oxide  and  all  the  requisite  air  to  500°,  we  add  thereby 
1169  thermal  units,  and,  consequently,  ^^',^^'"  =  2808°  C. 

Now,  the  surplus  of  96°  seems  to  be  hardly  worth  the 
trouble  which  these  operations  must  cause.  Yet  there  are 
cases — for  instance,  the  melting  of  steel — where  such  a 
surplus  is  of  consequence,  not  only  on  account  of  the  in- 
creased temperature,  but  also  on  account  of  the  circumstance 
that  the  volumes  of  the  produfts  of  combustion  at  the  re- 
spective temperatures  stand  in  a  proportion  of  97*3  :  8o*6, 
and  that  hence,  under  equal  circumstances,  an  acceleration 
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can  be  imparted  to  the  produdls  of  combustion  exceeding 
the  ordinary  one  by  one-fifth.  Besides,  it  has  to  be  con- 
sidered that  the  relative  proportion  between  nitrogen  and 
carbonic  oxide  is  of  importance  to  the  process  of  redufSion 
in  blast  furnaces.  When  two  substances  unite  chemically, 
heat  is  liberated,  but  the  quantity  of  this  heat  depends  upon 
the  proportion  in  which  they  unite,  as  well  as  their  nature. 
A  unit  (weight)  of  carbon  evolves  2400  thermal  units  if  it 
bums  to  carbonic  oxide  ;  but  if  it  burns  to  carbonic  acid,  the 
quantity  generated  is  8000  thermal  units.  Caustic  lime, 
slaked  to  a  hydrate,  when  subjedled  to  a  rapid  stream  of 
carbonic  acid  under  water,  so  as  to  saturate  the  hydrate  with 
carbonic  acid,  offers  a  ready  opportunity  for  ascertaining 
the  combination  heat  between  lime  and  carbonic  acid,  which 
the  author  found  to  be  i97'i  thermal  units  to  the  unit 
(weight)  of  lime. 

In  blast  furnaces,  there  are  five  cases  in  which  this  par- 
ticular heat  has  to  be  considered — (i)  at  the  combustion  of 
carbon  to  carbonic  acid;  (2)  at  the  reduAion  of  carbonic 
acid  to  carbonic  oxide ;  (3)  at  the  decomposition  of  water 
which  is  contained  in  the  blast ;  (4)  at  the  decomposition  of 
carbonate  of  lime  ;  (5)attheredui5ltonof  oxide  of  iron  by  coal. 

In  the  first  instance  the  value  is  positive,  that  is,  the  coal 
burnt  evolves  for  each  unit  (weight)  8000  thermal  units ;  in 
the  three  other  cases  the  values  are  negative,  that  is,  we 
have  no  more  to  calculate  how  much  heat  is  produced,  but 
how  much  is  absorbed.  In  the  second  instance,  the  carbonic 
acid  changing  into  carbonic  oxide  takes  up  as  much  carbon 
as  it  contains  already ;  this  added  carbon  needs  2400  ther- 
mal units  for  its  evaporation,  and  the  original  8000  thermal 
units  are  thereby  decreased  to  5600  thermal  units.  The 
blast  is  never  free  from  steam,  each  unit  (weight)  of  which, 
being  decomposed  when  coming  in  contact  with  the  heated 
coal,  must  bring  as  much  heat  to  absorption  as  the  o'lii  of 
hydrogen,  which  produced  it,  would  have  given  by  combus- 
tion ;  that  is,  34000  x  o'liii  =  3778  thermal  units.  The 
separation  of  0-56  of  lime  from  0*44  of  carbonic  acid  (Ad.  4), 
produces  an  absorption  of  0*56  x  i97'i  =  110*376  thermal 
units  per  unit  (weight)  of  carbonate  of  lime  =251  per  unit 
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of  carbonic  acid ;  (Ad.  5),  if  imperfedlly  reduced  ores  get 
into  a  temperature  where  the  peroxide  of  iron  joins  the 
scoriae,  forming  a  kind  of  paste,  the  pieces  of  coal  will  be 
surrounded  by  that  paste,  and  hence  a  dire<ft  redudtion  by 
solid  carbon  take  place.  One  unit  of  peroxide  of  iron  con- 
tains 0'2223  of  oxygen,  hence  0'387539  units  of  carbonic 
oxide  are  formed,  and  they  contain  0-166131  of  carbon, 
which  bring  o'i66i3i  x  240Q  =  398-7  thermal  units  to  ab- 
sorption. This  last  instance  is  one  which  is  of  great 
import,  although  it  has  hitherto  been  but  hinted  at  by 
Ebelmen.  The  decomposition  of  chemical  substances  at 
high  temperatures,  although  known  of  old,  has,  by  the  recent 
researches  of  Sainte-Claire  Deville,  received  an  explana- 
tion. All  compound  bodies  will  separate  if  we  can  restore  the 
latent  heat  to  each  element,  and  at  the  same  time  separate 
the  molecules  or  atoms  beyond  their  powers  of  cohesion. 
Deville  has  shown  that  water,  as  well  as  carbonic  oxide  and 
acid,  can  be  thus  separated  into  its  elements.  The  reason 
why  success  did  not  attend  former  trials  lay  in  the  way  in  which 
those  elements  were  treated  after  their  separation.  If  allowed 
to  cool  gradually,  their  affinity  returns,  and  there  is  no  more 
chaftce  for  analysis ;  but  suddenly  cooled,  carbon,  hydrogen, 
and  oxygen  will  each  separately  appear.  Especial  interest 
attaches  to  the  compositions  of  carbon  with  hydrogen,  and 
the  experiments  of  Cailletet  prove  that,  in  the  hearth,  carbon 
and  oxygen  are  principally  to  be  found  separate.  These 
trials,  the  particulars  of  which  we  must  here  omit,  explain 
completely  the  influence  of  the  temperature  at  a  reduction 
of  carbonic  acid  to  carbonic  oxide,  for  besides  the  absorption 
of  latent  or  combination  heat  of  carbonic  oxide,  which  must 
necessarily  take  place,  the  otherwise  requisite  surface  of 
contaifl  must,  as  we  have  previously  found,  become  equal  to 
zero  if  the  temperature  be  sufficiently  high  to  vapourise  the 
carbon.  Now  we  have  to  consider  the  almost  universally 
accepted  opinion  of  praftical  men,  viz.,  that  the  working  of 
a  blast  furnace  is  the  more  profitable  the  higher  the  tem- 
perature in  the  hearth,  which  Herr  Scbinz  is  not  inclined  to 
endorse.  There  are  certain  points  which  seem  decidedly  in 
favour  of  the  established  theory.    At  a  sufficiently  high 
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temperature  it  might  happen  that  carbon  would  vapourise  in  a 
larger  proportion  than  would  correspond  with  the  carbonic 
oxide,  and  in  that  case  there  would  be  a  larger  quantity  of 
carbon  for  the  reduiilion  of  the  ores.  Moreover,  according 
to  Ebelmen,  there  is  always  a  surplus  of  carbon  in  the  gases 
which  could  not  have  been  generated  by  their  combustion 
with  air.  The  circumstance,  also,  that  this  surplus  is  ac- 
companied by  a  corresponding  surplus  of  oxygen,  which 
cannot  have  belonged  to  the  air  originally,  would  not  appear 
contrary  to  the  opinion  that  this  oxygen  is  derived  from  the 
reduAion  of  the  oxide  of  iron  in  the  ores,  and  which  passed 
off  as  soon  as  carbon  came  in  contain  with  them.  The 
wonderful,  yet  hitherto  unexplained,  effeft  of  the  hot  blast 
might  likewise  be  looked  upon  as  favourable  to  the  vapouri- 
sation of  carbon.  But,  plausible  as  such  a  supposition  of  a 
surplus  of  gaseous  carbon  may  appear,  Herr  Schinz  rejedls 
it  on  the  following  grounds  : — 

(i).  If  all  means  for  increasing  the  temperature  in  the 
furnace  be  employed,  such  as  pressure  and  heat  of  blast,  dry 
air,  &c.,  yet  immediately  above  the  point  where  this  high 
temperature  is  generated  by  formation  of  carbonic  acid,  by 
redui5tion  of  the  same,  or,  if  you  will,  by  the  vapourisation 
of  carbon,  there  is  so  much  heat  absorbed  that  the  tempera- 
ture sinks  nearly  to  one-half  of  the  original  one,  so  that 
the  last-gained  temperature  is  but  a  trifle  above  that 
which  would  be  obtained  without  the  application  of  any 
heating  media  whatever.  Hence  it  is  incredible  that  carbon 
should  remain  vapourised  in  great  quantities,  and  hence  the 
effedt  of  these  media  is  reduced  to  a  diminution  of  the  zone 
or  the  space  in  which  the  formation  of  carbonic  acid  and  the 
reduiflion  thereof,  or  the  vapourising  of  carbon  takes  place, 
whereby,  indeed,  the  aftive  space  above  the  boshes  is  some- 
what, but  not  greatly,  increased. 

(2).  The  pre-heating  of  the  blast  may  be  employed  as  a 
means  either  for  the  saving  of  fuel  or  for  the  quickening  of 
the  process.  In  the  first  case,  the  temperature  is  not  in- 
creased, and  the  saving  is  in  proportion  to  the  quantity  of 
heat  given  to  the  blast  by  pre-heating.  But  if  hot  blast  is 
used  without  decreasing  the  amount  of  fuel  in  proportion, 
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the  temperature  then  will  be  elevated,  not  only  in  the  hearth, 
but  also  in  the  whole  of  the  internal  cavity  of  the  furnace. 
The  consequence  is  that  the  ores  get  faster  into  a  region  the 
temperature  of  which  is  sufBcient  to  bring  about  the  paste- 
like  mixture  of  scoriae  material  and  some  peroxide  of  iron. 
The  redu<ftion  of  the  latter  can,  after  that,  no  more  be 
effefted,  either  by  carbon  vapours  or  by  carbonic  oxide,  solid 
carbon  enveloped  in  the  descending  paste  being  the  only 
available  agent. 

{3).  The  redudlion  of  the  ore  by  the  means  of  solid  carbon 
must  be  regarded  as  an  explanation  of  the  effeift  of  the  in- 
creased temperature,  which  is,  by  far,  more  consistent  with 
fadts,  and  which  thereby  overturns  the  opinion  of  a  vapour- 
isation of  the  carbon  beyond  the  proportion  existing  in  the 
carbonic  oxide.  With  regard  to  the  cementing  process, 
there  is  something  to  be  said  which  hitherto  has  not  found 
an  explanation.  If,  as  the  last  experiments  of  Cailletet 
show,  at  a  temperature  of  58i'8°,  2*905  per  cent  carbon,  as 
a  gas,  can  exist  free  in  the  products  of  combustion,  it  is 
evident  that  the  iron  in  the  cementing  furnace  is  continually 
exposed  to  an  atmosphere  containing  quantities  of  carbon  in 
a  state  favourable  to  a  combination  with  the  metal. 

According  to  Wepfer's  experiments,  a  lining  or  mantle  of 
coals  is  formed  somewhere  about  the  boshes  during  the 
descent  of  the  charges,  commencing  at  the  hearth.  This 
lining  in  time  forms  a  certain  resting  place,  through  which 
the  movable  materials  will  find  their  way  to  the  hearth. 
During  their  descent,  in  consequence  of  the  enlarging  of  the 
furnace,  they  will  assume  a  convex  surface,  which  lower 
down  passes  into  the  straight  line,  and  at  last  becomes  con- 
cave. Although  slightly,  yet  the  tendency  of  the  ores  to 
push  the  lighter  cokes  to  the  edge  is  easily  perceived.  Ac- 
cording to  Wepfer's  studies,  in  the  instance  of  the  Konigs- 
bron  furnace,  the  velocity  of  the  descent  decreases  from  the 
crater  to  the  boshes,  from  whence  it  increases  again,  and  in 
the  hearth  assumes  almost  the  same  which  it  had  7  or  S  feet 
below  the  burden.  Near  the  sides  the  results  are  different ; 
the  velocity  decreases  to  a  depth  from  8  to  9  feet  also,  but 
slower  than  in  the  middle,  whereby  the  convex  curves  are 
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produced.  From  thence  the  descent  is  quicker  at  the  sides 
than  in  the  middle,  which  must  necessarily  change  the 
convert  curve  into  a  straight  line,  and  after  that  give  to  the 
masses  a  conical  or  funnel-like  shape.  The  volume  of  the 
burdens  continually  decreases  during  the  descent,  which  may 
be  explained  first  by  the  settling  of  the  materials  on  account 
of  the  pressure  of  the  smelting  pile  above  it ;  and,  secondly, 
from  the  using  up  of  the  coal  either  for  reduction  or  for  the 
carbonising  of  the  iron.  The  displacement  of  the  ores  might 
be  explained  by  the  difference  in  the  specific  gravities  of  the 
same,  and  of  the  coals,  and,  moreover,  by  the  opportunities 
offered  to  the  smaller  pieces  of  the  ore  for  finding  their  way 
through  the  spaces  left  between  the  larger  coals.  In  every 
apparatus  for  combustion  the  fuel  forms  a  more  or  less  con- 
siderable resistance  to  the  currents  of  air  and  gases.  An 
exA6\  measurement  of  this  resistance  is  impraiilicable  on 
account  of  the  inequality  of  the  size  of  the  pieces.  The 
resistance  which  the  blast  finds  consists,  first,  in  the  fridlion 
on  the  walls  of  the  channels  through  which  it  is  forced; 
secondly,  in  the  change  of  the  direftion  of  the  current  of  the 
gases  round  the  various  pieces ;  and,  lastly,  in  the  expansion 
and  contraftion  of  the  same  while  passing  from  smaller  to 
larger,  and  from  larger  to  smaller  channels.  In  order  to 
move  a  gas  a  certain  power  is  required.  This  power  is 
either  gained  by  a  pressure  from  the  blast  cylinder  or  by 
aspiration  by  means  of  a  chimney.  The  obstacles  thrown 
in  the  way  of  the  blast  must  very  strongly  influence  the 
form  of  blast  furnaces.  There  seems  but  one  point  on  which 
pra<5lical  men  are  agreed,  viz.,  that  wide  furnaces  are  pre- 
ferable to  small  ones  for  the  produdtion  of  affinir  iron,  while 
narrow  ones  produce  better  material  for  casting  purposes. 
Scheerer  attempts  to  explain  this  by  saying  that,  in  the  wide 
furnace,  the  produifts  of  combustion  push  upon  the  ores  with 
less  force  than  in  the  narrow  ones,  but  since  the  larger  se(^ion 
of  the  furnace  brings  about  a  larger  contadt  surface  of  the 
smelting  material,  such  an  explanation  cannot  be  considered 
as  valid.  It  is  generally  supposed  that  the  wide  furnace 
especially  serves  to  moderate  the  temperature,  and  that  a 
moderate  temperature  is  a  condition  for  the  production  of 
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affinir  iron.  Herr  Schinz,  however,  denies  this  assumption, 
and  endeavours  to  show  that  the  produdtion  of  affinir  iron — 
that  is,  crude  iron  which  is  poor  in  carbon — is  to  be  a^ribed 
to  the  incomplete  reduiftion  of  the  ores  in  the  reduction  zone, 
and  a  posterior  liberation  of  iron  from  the  scorias  by  solid 
carbon.  The  only  true  cause  why  the  furnace  is  more  ap- 
propriate for  the  produdlion  of  affinir  iron  may  be  that  the 
scorise  containing  iron  and  coal  can  no  more  spread  about 
to  the  walls,  and  must  hence  descend  slower  into  the  hearth, 
above  which  they  must  find  a  larger  section,  thus  giving  the 
solid  carbon  more  time  for  its  action  on  the  peroxide  of  iron. 
This  view  is  substantiated  by  the  fa<^  that  the  layer  of  scons 
above  the  hearth  is  always  darker  just  after  the  slag  has 
been  drawn  off.  But  this  layer  becomes  lighter  the  longer 
it  remains  exposed  to  the  high  temperature  in  that  place. 
The  traditional  form  of  furnaces  is  as  in  Fig.  115,  where  A 
is  the  hearth,  B  the  boshes,  and  c  the  internal  cavity  of  the 
furnace.    The  angle,  /3,  is  the  angle  of  the  boshes. 

Fig.  115. 


Several  metallurgists  ascribe  to  the  latter  an  important 
influence.  K.  A.  Weniger  says  that  at  an  angle  of  25°,  45*, 
55°,  and  65°  the  consumption  of  fuel  is  as  ij,  ij^,  zj-,  3J-. 
Scheerer  does  not  entirely  adopt  this  opinion,  although  he 
considers  it  worthy  of  notice.  The  smaller  the  angle  of  the 
boshes,  the  quicker  is  the  section  of  the  smelting  fire  enlai^ed, 
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and  the  resistance  decreased.  Now,  if  Weniger,  according 
to  the  generally  accepted,  but,  nevertheless,  erroneous  as- 
sumption, that  equal  manometer  pressure  at  equal  sedtion  of 
tuyeres  gives  equal  amounts  of  air,  has  used  the  same  pres- 
sure and  tuyeres  with  these  different  angles,  he  has  of  course 
inje<^ed  more  and  more  air  in  the  unit  of  time  with  the  de- 
creasing angle.  But  the  consumption  in  the  unit  of  time 
must  have  increased  thereby,  and  consequently,  also,  the 
quantity  of  charges,  which  must  have  produced  a  saving  of 
fuel,  since,  at  a  slow  descent,  the  transmitted  heat  is  more 
unfavourable  in  proportion  to  the  produced  crude  iron.  For 
the  heat  transmitted  through  the  walls  of  a  furnace  we  refer 
to  the  notable  researches  by  Ebelmen.  A  priori,  all  calcu- 
lation of  transmission  is  impossible,  on  account  of  the  in- 
fluence of  the  current  of  air  caused  by  the  absorption  of  heat 
by  the  same.  Hence  the  laws  of  transmission  are  and  re- 
main the  same  as  Dulong  recognised  them,  which  is,  that 
the  transmission  becomes  larger  in  proportion  to  the  square 
root  of  the  heat  of  the  exterior  walls.  Our  ordinary  furnaces 
for  the  produiSion  of  crude  iron,  however,  require  a  certain 
loss  of  heat  by  transmission,  since,  otherwise,  the  inner  walls 
would  suffer  considerably  by  temperatures  of  2700°  to  3000°  C. 
It  is  otherwise  with  the  higher  portions  of  the  furnace,  where 
a  keeping  together  of  the  heat  would  but  be  favourable  to 
the  redui5tion  process.  Pra<5tically,  now,  the  veiy  opposite 
is  done.  We  make  the  outer  walls  as  thick  as  possible,  the 
inner  ones  as  thin  as  possible,  and  expose  them  to  all  wind 
and  weather.  At  equal  temperatures  of  the  walls  of  the  fur- 
nace the  expansion  of  the  surface  must  be  of  great  influence. 
For  instance,  if  the  temperature  of  the  surface  in  the  upper 
part  of  the  furnace  is  10°  higher  than  the  air;  the  transmis- 
sion, according  to  Dulong,  per  hour  and  square  metre,  would 
be  about  57  thermal  units,  the  real,  perhaps,  570  thermal 
units ;  so  that  in  a  furnace  which  offers  i  square  metre  of 
wall  per  ton  of  burden,  there  would  be  but  half  as  much  heat 
transmitted  as  in  one  which  had  the  same  quantity  per 
2  square  metres  of  transmission  surface.  Hence  Messrs. 
Gruner  and  Lan,  in  their  "  Etat  present  de  la  M6tallurgie 
du  fer  en  Angleterre"  (Paris,  1862,  Demot),  are  quite  right  in 
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ascribing  the  saving  of  fuel  which  has  been  experienced  of 
late  to  the  enlargement  in  the  construction  of  furnaces.  They 
are  not  wrong,  also,  in  ascribing  the  deterioration  of  quality 
in  the  produtSts  to  this  same  change  in  the  construdtion,  and 
in  crediting  the  ironmasters  in  Staffordshire  with  the  deter- 
mined will  not  to  injure  the  renown  of  their  produdtions  by 
adhering  to  the  traditional  form  rather  than  charging  them 
with  timidity.  The  saving  is  effe<5ted  by  the  diminished 
transmission  of  large  furnaces,  which  pennits  the  consump^ 
tion  of  less  carbon  for  the  gain  of  the  same  temperature. 
This  small  amount  of  carbon,  however,  must  correspond  to 
a  less  amount  of  carbonic  oxide,  and  hence  bring  about  an 
incomplete  redui5lion  of  the  ores,  thus  inducing  a  dtreifl  re- 
duction by  means  of  solid  carbon,  which,  again,  is  the  cause 
of  an  increased  admixture  of  silicium  in  the  produAs.  The 
pra(5tical  lesson  from  these  considerations  is,  that  all  means 
for  increase  of  temperature  in  the  hearth  are  to  be  avoided, 
while  by  diminution  of  transmission,  by  quantity  of  heat, 
and  by  richness  in  reducing  gases,  the  higher  parts  of  the 
furnace  are  kept  at  the  highest  possible  temperature,  so  as 
to  obtain  the  maximum  of  production  without  injury  to  the 
products  themselves  (?).  Peclet  has  recently  shown  that  the 
capability  of  conducting  heat  is  somewhat  proportional  to 
the  specific  gravity  of  different  bodies  ;  that,  consequently, 
the  porousness  of  a  body  decreases  considerably  its  conducting 
capacity.  The  best  means  of  limiting  the  transmission  of  a 
furnace  is  to  bring  about  the  largest  possible  proportion 
between  contents  and  wall  surface.  For  instance,  a  furnace 
of  r  sqiiare  metre  base  and  3  metres  height  would  have  a 
contents  of  3  cube  metres  and  a  perpendicular  surface  of 
12  square  metres,  so  that  the  proportion  would  be  as  3 :  12 
or  1 14.  Another  quadratic  furnace  of  2  metres  width  and 
3  metres  height  would  have  12  cube  metres  contents  and 
24  square  metres  wall ;  hence  the  proportion  of  12 :  24  on  :  2. 
In  the  latter  instance,  with  equal  temperature  and  otherwise 
equal  circumstances,  there  would  be  but  half  as  much  heat 
transmitted  as  in  the  first,  and  in  this  instance  half  of  the 
fuel  which  is  used  for  transmission  in  the  first  might  be 
saved.     Scheerer,  in  his  "  Lehrbuch  der  Metallurgie,"  vol.  ii., 
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p.  130,  Speaks  of  two  coke  furnaces  at  Neunktrch,  whose 
dimensions  he  gives  exaftly,  and  which  we  will  explain  by 


the  annexed  figure.     The  furnaces  A  {Fig.  Ii6)  contains 
733'5  cubic  feet,  while  its  wall  surface  is  534'85  square  feet. 
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The  furnace  B  (Fig.  117)  has  iii7'03  cubic  feet  contents,  and 
723"20  square  feet  of  wall  surface.  Whence  the  proportions 
for  A  are  as  I  :  o'^^,  and  for  B  as  i :  o'64.  The  cause  of  the 
less'consumption  in  Bis,  consequently,  not  the  construftion  of 
these  furnaces,  but  their  difference  in  size,  and  the  propor- 
tions thence  resulting.  The  least  transmission  takes  place 
where  bad  conductors  are  chosen  for  material  and  the  wall 
made  thick.  Without  any  very  great  expense,  the  conducting 
capacity  can  be  diminished,  not  only  by  choice  of  material, 
but  also  by  allowing  spaces,  and  by  the  construction  of  a  last 
layer  near  the  exterior  wall,  whose  capacity  for  radiation  is 
less  than  that  of  the  material.  Bricks  from  one  and  the 
same  oven,  if  used  as  a  coating  where  hot  gases  are  active, 
are  so  different  in  their  conducting  capacities  that  one  occa- 
sionally meets  with  specimens  too  hot  for  the  touch  of  the 
hand,  while  others  closely  around  them  are  almost  cold. 

In  the  choice  of  material,  therefore,  care  has  to  be  taken 
in  separating  the  porous  from  the  dense  material.  The 
former  would  be  utterly  useless  for  an  inner  coating,  but  will 
do  well  more  towards  the  exterior  walls.  The  specific  gravity 
of  bricks  is  easily  reducible  by  mixing  the  clay  with  pulver- 
ised charcoal.  Bricks  of  this  kind  may  be  made  to  swim 
upon  water.  The  transmission  can  be  still  more  diminished 
by  leaving  spaces  in  between  the  brickwork  ;  the  air  enclosed 
in  these  spaces  is  a  sufficiently  bad  conductor. 

It  is  a  known  faCl  that  the  quantity«f  heat  which  a  cer- 
tain weight  of  cast-iron  requires  to  melt  it,  1100°  to  1350°,  is 
considerably  less  than  the  amount  of  heat  produced  in  the 
furnace  for  the  production  of  a  certain  amount  of  crude  iron. 
This  larger  quantity  of  heat  is,  at  least,  partially  demanded 
by  the  scorije  accompanying  the  crude  iron,  which,  however, 
is  never  the  same  with  the  different  qualities  of  ore.  Ac- 
cording to  the  amount  of  slag  mixed  with  the  crude  iron, 
more  heat  will  be  requisite  and  more  coals  spent.  The 
addition  of  slags  is,  however,  not  optional ;  it  depends  upon 
the  time  which  the  ore  needs  to  pass  from  the  crater  to  the 
zone  where  crude  iron  and  scoriae  begin  to  be  smelted. 
This  time,  however,  is  dependent  upon  the  reducibility  of 
the  ores ;  the  more  slags  are  mixed  with  the  oxide  in  the 
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ore,  the  longer  will  this  oxide  be  exposed  to  the  rising  and 
reducing  current  of  gases.  As  long  as  a  complete  reduiftion 
takes  place  before  the  burdens  come  into  a  region  where  the 
temperature  exceeds  800°,  any  form  of  blast  furnace  might 
produce  a  good  iron.  The  desire  for  produdlion  at  tnasse  in 
France,  Belgium,  and  England  has,  for  some  dozens  of 
years,  made  the  manufaifturers  swerve  from  the  traditional 
forms,  while  they,  more  or  less,  have  employed  the  principle 
indicated  by  Fig.  118.  In  the  Russian  department  of 
the  International  Exhibition  of  1862  were  models  of  long 
reftangular  furnaces  with  a  row  of  several  tuyeres  on  each 
side.  Furnaces  of  this  kind  were  reported  to  have  been 
erefted  for  smelting  copper  ores  in  Perm,  and  to  have  been 
in  operation  during  about  a  year  and  a  half  with  success. 
They  are  known  as  the  Rachette  furnaces,  and  are  those 
used  in  the  process  proposed  by  M.  Schinz.  He  endeavours 
to  show,  by  means  of  numerous  experiments  and  calcula- 
tions, that  the  consumption  of  fuel  for  the  production  of  the 
blast  is  by  far  greater  in  the  round  furnace  than  in  the  one 
he  employs. 

Fig.  118. 


A  comparison  based  upon  the  mode  of  produ^ion  as 
carried  on  in  Seraing,  where  Ebelmen  analysed  the  gases, 
resulted  in  showing  a  proportion  of  5 :  33  in  favour  of 
Rachette's  furnaces  regarding  the  expense  of  steam  for  the 
blast.    The  principal  feature  in  M.  Schinz's  system  is,  as 
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stated  above,  the  partial  elimination  of  nitrogen  in  the  pro- 
du(£ls  of  combustion  by  means  of  carbonic  oxides.  Although 
free  hydrogen  would  be  preferable  to  the  latter,  on  ac- 
count of  its  prompter  and  more  perfe(5t  absorption  of  the 
oxygen,  yet  in  blast  furnaces  it  would  be  entirely  without 
effefl,  most  probably  on  account  of  its  greater  diffusion. 
Pure  carbonic  oxide  gas  is  also  preferable  to  the  carbonic 
oxide  obtained  by  the  combustion  of  carbon  in  atmospheric 

Fig.  119. 


air,  on  account  of  its  freedom  from  the  obnoxious  admix* 
ture  of  liberated  nitrogen.  Among  the  processes  proposed 
by  the  inventor  for  the  production  of  carbonic  oxide  is  that 
described  in  Figs.  119  and  120.      The  construi5tions  are 

Fig.  120. 


similar  to  the  Silesian  zinc  furnaces.  The  burning  gases 
stream  up  in  A,  pass  between  the  muffles  into  the  channels,  B, 
from  whence  they  are  exhaled  through  four  chimneys,  c,  c. 
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The  muffles,  d,  are  those  in  which  the  carbonate  of  lime  is 
separated,  and  the  muffles,  e,  e,  are  filled  with  fragments  of 
coal.  These  latter  are  joined  with  D  by  means  of  short 
tubes,/,/,  through  which  the  carbonic  acid  passes  into  the 
mufHes,  e,  e,  which,  near  the  bottom,  are  provided  with  a 
grate  for  the  escape  of  the  oxide  of  carbon,  which  thence 
passes  into  the  tubes,  h,  k.  The  muffles  are  easily  closed  by 
means  of  a  thin  wall  of  stones  cemented  with  a  mixture  of 
clay  and  damp  sand. 

Fig.  lai. 
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The  carbonic  oxide  is  condu(5ted  through  washing  vessels 
and  then  gathered  in  a  reservoir ;  from  thence  it  is  inhaled 
by  blast  engines  and  through  tubes  blown  into  a  vessel 
standing  on  the  side  of  the  blast  furnace,  from  whence  it 
passes  into  the  furnace. 

Figs,  121  and  122  show  the  arrangement  of  the  furnace 

FiQ.  122. 


*       ^      * 


itself.  The  twelve  tuyeres,  a,  a,  a,  are  specially  shown  in 
the  horizontal  seAion,  Fig.  123,  according  to  A,  b,  Fig.  121. 
c  is  the  pre-heating  zone,  capable  of  containing  3  cube 
metres,  while  the  volume  of  the  hourly  charge  is  not  quite 
I  cube  metre,  so  that  the  ores  and  cokes  do  not  form  a  high 
layer  in  the  same.  The  hollow  triangular  cast-iron 
beam,  D,  D,  protrudes  through  the  walls  of  the  furnace,  and 
is  open  at  both  ends,  so  that  the  air  can  enter  through  the 
apertures,     6,   b,    into     c.        The     perpendicular    movable 
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plates,  c,  c,  are  also  provided  with  apertures,  d,  d,  through 
which  the  gas  out  of  the  furnace  passes  direi5lly  into  c,  where 
it  bums  with  the  air  from  d.  Here  e,  e,  e,  represents  the 
arrangement  for  lifting  or  lowering  the  plates,  c,  c.  By  its 
position,  as  indicated  in  the  figure,  the  space,  c,  is  closed ;  a 
lifting  of  the  plates  would  produce  a  lapse  of  the  pre-heated 

Fig.  1Z3. 


burdens  into  A.  The  apertures,  b,  h,  and  i,  d,  must  be 
made  only  of  size  sutBcient  to  pass  the  quantity  of  gas  and 
air  required.  The  larger  quantity  of  the  gases  passes  off 
symmetrically  sideways  through  several  channels,/,/,  into 
the  large  cast-iron  boxes,  B,  B,  in  which  the  gases  are 
cleansed  from  the  dust  which  they  carry  with  them.  The 
tubes,  p,  F,  are  let  into  the  walls,  G,  g,  in  order  to  diminish 
the  cooling  of  the  gases,  for  the  further  transmission  of  which 
they  serve.    The  tubes,  g,  g,  supply  the  cast-iron  beams,  H,  H, 

2  T2 
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with  cooling  water,  which  from  them  passes  into  A,  h,  from 
whence  it  is  carried  away  by  the  tubes,  t,  i. 

Fig.  124  shows  more  minutely  the  construiflion  of  the 
air  tuyeres,  k,  and  the  gas  tuyeres,  l.  Both  are  hermetically 
fastened  on  the  perpendicular  feeding-pipes,  k',  l',  and  the 
gas  tuyere,  l,  is  concentrically  united  with  the  air-tuyere,  K. 
The  channels,  m,  m,  are  the  chambers  for  the  ignition  of  the 
fuel,  and  are  a  distinguishing  mark  of  Rachette's  system. 


Fig.  124. 


The  above  extracts  will  give  our  readers  some  idea  of  the 
extent  to  which  M.  Schinz  has  carried  his  laborious  re- 
searches. It  is  to  be  hoped  that  ere  long  we  shall  hear  of 
pratflical  experiments  resulting  from  the  application  of  his 
patent. 


THE  RICHARDSON  PUDDLING  PROCESS.* 
The  first  great  fadl  is,  that  the  necessity  for  refined  or 
",plate"  metal — and  therefore  the  refinery — is  dispensed  with, 
the  best  results  having  been  obtained  from  charges  con-, 
sisting  of  pig-iron  alone.  The  common  pig  is  piled  on  the 
puddling  hearth  in  the  ordinary  manner,  and  as  soon  as  it 
has  melted,  a  blast  of  atmospheric  air  of  a  pressure  of  5  or 

'  The  Fradical  Uechanic's  Journal,  August,  1S67. 
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6  lbs.  on  the  square  Inch  is  introduced  into  its  mass  by 
means  of  a  tubular  rabble,  the  blast  being  led  thereto  through 
a  flexible  pipe  couided  to  the  outer  end  of  the  hollow  rabble 
handle.  The  action  of  the  blast  prevents  the  molten  iron  from 
closing  the  holes  in  the  rabble,  and,  in  operating  with  it,  the 
puddler  pushes  it  about  in  the  molten  mass  over  every  part 
of  the  furnace  with  as  much  ease  as  with  a  common  rabble, 
thus  causing  a  very  rapid  conversion  and  elimination  of  all 
the  impurities  that  oxygen  is  capable  of  separating. 

It  is  not  at  all  propable  that  any  phosphorus  is  eliminated 
during  this  period  of  blowing  in.  By  the  means  we  have 
mentioned  the  iron  is  brought  to  nature  in  a  very  short 
time,  the  rabble  being  kept  in  until  the  mass  boils  up  level 
with  the  stopper  hole,  or,  if  desired,  the  blast  may  be  kept 
in  until  the  iron  assumes  the  pasty  condition,  a  period 
ranging  from  about  six  to  nine  minutes.  As  soon  as  the 
blast  is  withdrawn,  the  charge  is  stirred  about  in  the  ordinary 
way  by  a  common  rabble  until  the  iron  has  separated  from 
the  cinder  in  lumps,  after  which  it  is  colleifted  and  balled  up 
in  the  ordinary  manner,  the  balls  being  allowed  to  remain 
in  a  sufficient  time  to  permit  the  probable  liquation  or  smeating 
otU  of  ike  phosphides  of  iron,  after  which  the  iron  is  shingled 
and  rolled  into  bars,  plates,  or  uses  in  the  ordinary  manner. 


ON  CERTAIN  POINTS  IN  THE  MANUFACTURE  OP 
MALLEABLE  IRON,  WITH  SPECIAL  REFERENCE  TO 
THE  RICHARDSON  PROCESS.* 

By  St.  John  Vincent  Day,  C.E.,  F.R.S.S.A.,  &c. 

Since  the  year  1784,  when  Cort  introduced  the  process  of 
.puddling,  there  has  not  been  any  really  great  advance  made 
in  improving  the  general  results  obtainable  from  the  con- 
version of  crude  or  pig  into  malleable  iron  in  the  puddling 
furnace  until  very  recently. 

By  no  means  do  I  here  intend  to  arrogate  for  Cort  the 
raising  of   the   puddling  process   to   its  present  state  of 

*  Head  before  the  loBtitution  of  Engineera  in  Scotland,  January  15,  1S6S. 
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comparative  efficiency,  for  no  matter  how  very  imperfect  that 
process  yet  remains,  stUl  it  is  well  known  that  the  results 
produced  by  it  were  not  generally  to  be  depended  upon  until 
long  after  the  inventor's  unfortunate  career  terminated  with 
his  death — indeed,  the  first  quarter  of  the  present  century 
had  nearly  passed  away  ere  the  puddler's  manipulations  could 
be  relied  upon  continuously ;  and  it  is  highly  probable  that 
even  then  the  uncertainties  of  produftion  would  not  have 
been  largely  removed  but  for  the  careful  attention  of  some  of 
the  English  iron-masters,  who  perceived  a  wide  field  opening 
up  for  a  high  class  of  manufactured  material  in  the  iron  canal 
and  river  boats  and  railways,  then  coming  into  vogue,  and, 
later  still,  in  supplying  that  required  for  our  great  tubular 
and  girder  bridges  and  lines  of  trans-oceanic  steamships. 

During  the  present  century,  however,  innumerable  at- 
tempts at  improving  the  process  have  been  made  at  home, 
on  the  Continent,  and  in  America,  still  with  no  good  effeA 
generally ;  indeed,  the  value  of  what  has  been  done,  taken 
on  a  broad,  pradlical,  and,  therefore,  commercial  basis,  has 
been  extremely  small.  It  is,  however,  perfe^iy  true  that 
the  failures  which  have  been  encountered  have  increased  our 
Etock  of  information  as  to  the  peculiarities,  or  rather  special- 
ities, of  the  compound  we  have  been  treating  in  the  puddling 
furnace,  and  in  this  particular  view  recorded  failures,  when 
accompanied  by  a  faithful  declaration  of  what  took  place, 
are  of  the  highest  importance.  As  a  veiy  striking  instance, 
I  may  allude  to  the  most  recent  and  gigantic  failure  that  has 
and  probably  ever  will  occur  in  a  future  time  in  the  metal- 
lurgy of  iron — I  allude  to  the  impossibility  of  making  good 
commercial  iron  out  of  the  ordinary  ores  of  this  country  by 
the  Bessemer  process.  Mr.  Bessemer  has  himself  on  several 
occasions  openly  confessed  that  he  could  not  succeed  in 
making  good  malleable  iron  by  his  process,  purely  on  account 
of  the  impossibility  of  removing  sulphur,  but  more  particu- 
larly phosphorus,  in  the  convertsr.  His  early  experiments 
showed  distinftly  that,  whilst  the  highly  oxidising  effeft  of 
the  blast  injected  into  the  converter  waa  most  efficient  in 
removing  carbon  and  silicon  and  some  of  the  lesser  impuri- 
ties, still  the  phosphorus  and  sulphur  remained  untouched ; 


,;  Google 


THE   RICHARDSON   PUDDLING   PROCESS.  647 

the  immediate  consequence  of  which  has  been  that  his  pro- 
cess has  never  come  into  pradlice  for  making  iron  from  the 
ordinary  run  of  British  ores,  by  far  the  larger  portion  of  which 
contain  notable  quantities  of  these  two  elements,  of  which 
phosphorus  is  the  greater  enemy,  its  presence  rendering  the 
iron  cold-short,  whilst  sulphur  has  the  opposite  eSe<ft  of  ren- 
dering  it  red-short. 

I  have  before  referred  to  Cort's  process,  and  prigr  to 
directing  attention  to  the  more  immediate  subjeft  of  this 
paper,  it  will  be  an  advantage,  in  a  casual  way,  to  refresh 
our  memories  by  considering  what  has  been  done  successfully 
towards  the  improvement  of  puddling  since  his  day  up  to 
the  present  time.  Before  doing  so,  however,  I  wish  to 
remark  that,  although  the  invention  of  puddling  is  usually 
ascribed  to  Cort,  there  exist  very  grave  reasons  for  with- 
drawing from  him  the  origination  of  it,  as  a  reference  to  the 
specification  of  a  patent  granted  to  Thomas  and  George 
Cranage  in  1766  will  easily  show. 

The  Messrs.  Cranage  were  workmen  employed  at  Cole- 
brookdale,  and  it  is  recorded  that  puddling  was  practised 
there  prior  to  Cort's  invention,  for  when  the  latter  appHed 
to  Mr.  Reynolds,  at  that  time  the  manager  of  the  works,  he 
replied  in  his  Quaker  tongue,  "  If  thou  wilt  come  with  me 
to  the  works,  I  will  soon  show  thee  the  thing  done."  Cort 
went,  and  at  the  command  of  Reynolds,  Tom  Cranage  made 
a  puddled  ball  in  their  presence.  It  appears,  however,  that  the 
process  was  not  carried  out  on  a  large  scale  at  Colebrook- 
dale  until  after  Cort  had  been  there,  so  that  it  is  probable 
some  practical  difficulty  existed  in  what  the  Brothers  Cranage 
had  done.  This  fa(^  would  show  that  to  Cort  must  unquestion- 
ably be  attributed  the  high  distinftion  of  being  the  perfeiSter 
rather  than  the  inventor  of  the  process  called  "  puddling." 

The  process  of  puddling,  too,  was  very  completely  set 
forth  in  the  specification  of  Peter  Onions  in  May,  1783, 
about  a  year  prior  to  the  date  of  Cort's  patent ;  indeed,  it 
appears  extremely  probable  that  iron-masters  at  that  period, 
hearing  of  the  partial  success  of  the  Cranage  process,  had 
begun  to  set  themselves  the  task  of  perfe<5ting  it :  hence  thss 
inventions  of  Onions  and  Cort  so  close  one  upon  the  other. 
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The  question  of  Cort's  invention  has,  howeverj  been  so  fre- 
quently discussed  elsewhere  that  I  need  not  further  allude 
to  it  here  ;  the  deplorable  tale  conneifted  with  it  is  so  well 
known  to  us  all  that  it  need  not  be  again  enlarged  upon. 

The  next  great  step  of  improvement  that  presented  itself 
was  that  of  Mr.  Samuel  Baldwyn  Rogers,  of  Nant-y-Glo, 
who  substituted  the  "  iron  bottom  "  for  Cort's  sand  bottom. 
This,.  like  every  other  r«ally  valuable  discovery,  was  con- 
demned by  the  Welsh  iron-masters,  and  after  it  had  been 
derided  at  by  Mr.  Hall,  of  the  Rhymney  Iron  Works,  Mr. 
Hill,  of  the  Plymouth  Iron  Works,  Mr.  Homfray,  of  Trede- 
gar, Mr.  Crawshay,  of  Cyfartha,  Mr.  Forman,  of  Pendarren, 
and  others,  it  was  ultimately  tried  at  Ebbw  Vale  by  Mr. 
Richard  Harford,  who,  on  discovering  the  advantages  about 
or  shortly  after  the  year  1818,  adopted  it,  since  which  time 
others  followed  his  course  until  wherever  puddling  is  now 
practised  the  cast-iron  bottoms  are  used. 

Rogers's  fate  as  an  inventor  was  as  sad  as  his  unfortunate 
predecessor,  Cort  ;  both  lived  for  years,  and  ultimately  died 
in  absolute  penury. 

The  "  boiling  process  "  was  the  next  great  stride :  it  is 
generally  attributed  to  Mr.  Joseph  Hall,  of  the  Bloomfield 
Iron  Works. 

"  Boiling  "  is  produced  by  charging  certain  oxidised  com- 
pounds of  iron  on  the  puddling  hearth,  from  which,  as  soon 
as  melted,  some  of  the  oxygen  begins  to  separate,  and,  uniting 
with  some  of  the  carbon  of  the  iron,  forms  carbonic  oxide, 
the  presence  of  which  may  always  be  detected  by  the  well- 
known  bubbling  about  of  the  metal,  attended  with  endless 
escaping  jets  of  blue  flame.  Until  the  chaise  is  melted  the 
solid  oxide  is  covered  with  liquid  cinder,  composed  in  great 
part  of  protoxide  of  iron;  this  being  combined  with  silica, 
constitutes  a  silicate  of  protoxide  of  iron,  which,  after  melting, 
combines  with  additional  silicon  in  the  pig  and  some  of  the 
iron  of  the  charge,  forming  the  tribasic  silicate  of  protoxide 
of  iron  (3FeO,Si03),  without  the  presence  of  which  the  pro- 
cess of  puddling  could  not  be  carried  on,  this  silicate  pos- 
sessing the  peculiar  property  of  not  further  oxidising  iron  at 
the  most  exalted  temperatures  employed,  and  being  easily 
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separated  from  it,  so  that,  although  the  granules  of  iron  in 
the  puddling  furnace  after  the  boiling  stage  is  over,  and  the 
temperature  of  the  furnace  is  lowered,  are  lying  scattered 
about  in  it,  still,  on  being  pressed  together,  they  unite,  the 
fluid  silicate  being  easily  squeezed  out  from  between  the  sur- 
faces of  conta(^  by  means  of  the  puddlers'  balling  rod,  whilst 
that  portion  which  still  clings  to  the  iron  after  the  balhng  is 
over  is  what  we  see  extrafted  from  the  mass  under  the 
shingling  hammer  and  between  the  roughing  rolls.  Boiling, 
then,  along  with  the  use  of  roasted  tap  cinder,  or  "  bull-dog," 
as  it  is  generally  termed,  constitutes  the  last  great  step  in 
the  chemistry  of  the  process  since  the  time  of  Cort. 

In  the  mechanical  operations  of  puddling,  and  in  the  con* 
struflion  of  the  furnace,  several  attempts  towards  improve- 
ment have  been  and  continue  to  be  made.  In  the  furnace 
itself  the  use  of  water-troughs  through  the  bridge,  and  in 
some  cases  forming  the  sides  of  the  puddling  hearth,  have 
come  into  praiftice,  but  their  value  in  a  sense  of  effetfting 
ultimate  economy,  for  several  reasons,  appears  to  me  to  be 
very  questionable.  Double  furnaces,  too,  have  been  tried — ' 
that  is  to  say,  furnaces  capable  of  containing  a  double  charge 
of  metal,  and  with  a  puddler  working  at  both  sides  ;  but  it 
is  a  striking  fadt  that  they  are  being  given  up,  and  the  old- 
fashioned  single  furnace  still  obtains.  I  am  informed  by 
some  of  the  Scotch  iron-masters  that  the  iron  from  the  double 
furnace  is  never  so  good  as  from  the  single  furnace,  and  the 
charge  is  generally  longer  in  melting.  The  chief  objedt  in- 
tended by  their  introdudtion  was  a  diminution  in  the  fuel 
consumed  per  weight  of  iron  manufactured ;  this,  to  some 
extent,  is  obtained,  and  probably  herein  consists  the  reason 
why  the  charge  is  longer  in  melting.  Considerably  less 
than  twice  the  weight  of  fuel  has  to  melt  exactly  twice  the 
weight  of  iron  ;  but  the  furnace  is  not  twice  as  large,  gene- 
rally not  more  than  10  or  11  inches,  or  less  than  a  foot, 
broader  than  a  single  furnace,  the  height  and  length  being 
the  same,  so  that  the  space  occupied  by  the  heat  from  the 
fuel  in  the  double  is  nearly  proportional  to  that  of  a  single 
furnace ;  but  as  the  charge  of  iron  therein  is  proportionately 
very  much  greater  than  the  fuel,  it  follows  that  a  longer 
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time  of  melting  should  obtain  ;  at  least,  the  question  having 
been  submitted  to  me  for  consideration,  this  is  the  only 
reasonable  view  I  have  been  able  to  arrive  at.  As  to  the 
quality  of  the  iron  produced  in  double  puddling  furnaces  being 
frequently  inferior  and  of  indifferent  nature,  I  cannot  account 
for  that  in  any  other  way  than  by  looking  at  the  cause  as 
inherent  in  the  difficulty  of  getting  the  two  puddlers  to  work 
the  two  portions  of  the  charge  in  concert  with  each  other ;  it 
is  almost  certain  that  one  will  work  his  part  of  the  chat^e 
more  or  less  than  the  other,  thus  producing  iron  in  the  same 
furnace  necessarily  of  dissimilar  quality.  However,  the 
cause  of  inferiority  of  double  puddling  furnaces  against  single 
is  a  question  by  no  means  thoroughly  investigated,  and  it 
forms  a  topic  which  I  think  this  Institution  might  discuss 
with  obviously  great  advantage.  It  is  probable  that  when 
a  perfeifl  system  of  mechanical  puddling  is  devised,  that 
then,  provided  such  is  effefJted  by  the  movement  of  rabbles, 
double  furnaces  may  be  generally  adopted,  as  certainty  of 
similar  action  of  the  two  instruments  may  then  be  insured 
by  their  being  placed  under  the  control  of  properly  arranged 
machinery. 

Speaking  of  mechanical  puddling,  numerous  expedients 
have  been  tried,  but  with  no  practical  success  generally,  in 
Great  Britain.  At  Dowlais  almost  every  hitherto  con- 
ceivable means  for  doing  away  with  the  puddler  has  been 
resorted  to,  but  with  what  result  ?  I  have  no  doubt  that 
many  of  the  members  of  this  Institution  will  remember  the 
singular  paper  read  by  Mr.  Menelaus  to  the  Institution  of 
Mechanical  Engineers,  who  met  at  Paris  during  the  past 
summer — a  paper,  I  say,  singular,  because  it  was  so  very 
dissimilar  to  what  papers  read  before  such  institutions 
usually  are ;  we  generally  and  naturally  find  ourselves  and 
others  recounting  our  and  their  successes,  but  here  Mr. 
Menelaus  in  the  most  laudable  manner  has  placed  on  record 
everything  that  has  been  done  at  those  gigantic  works  under 
his  control,  all  of  which  has  ended  in  failure,  and  he  has 
not  attempted  to  hide  the  failures  either. 

At  Dowlais,  too,  Mr.  Anthony  Bessemer's  revolving 
puddling  furnace  has  been  used,  but  it  has  failed  ;  as  well, 
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I  believe,  the  injeAion  of  steam  by  a  tube  or  blast-pipe, 
according  to  Mr.  Nasmyth's  plan  ;  also  air  and  steam  com- 
bined after  the  process  of  Guonyveau ;  and,  I  am  told,  even 
the  introdudlion  of  a  blast  of  air  alone  through  a  blast-pipe — 
still  all  ended  in  absolute  failure. 

The  most  successful  experiments  in  conneiftion  with  me- 
chanical puddling  that  have  come  under  my  notice  were-those 
condmaed  by  MM.  Dumeny  and  Lemut  at  the  Clos-Mortier 
Foi^e,  in  the  commune  of  St.  Dizier  (Haut  Mame).  I  will 
not  now  take  up  your  time  in  describing  the  various 
mechanical  arrangements  they  have  adopted,  but  merely 
state  that  I  some  time  since  received  a  report  in  which  they 
assert  the  praiftical  results  of  their  apparatus  are — ist.  That 
the  consumption  of  fuel  is  greatly  reduced  per  ton  of  metal 
produced ;  2nd,  The  work  is  accelerated  and  the  production 
of  the  furnace  increased,  from  which  economy  in  the  general 
and  working  expenses  has  resulted ;  3rd,  The  obviating  the 
necessity  of  workmen  in  stirring  the  cast-iron  lowers  the 
price  of  labour,  whilst,  at  the  same  time,  it  enables  the  wages 
of  the  regular  puddler  to  be  augmented,  although  the  labour 
is  lightened ;  4th,  The  waste  is  about  the  same  as  in  the 
system  of  ordinary  puddling,  which  is  equivalent  to  saying 
(in  other  words)  that  the  yield  is  the  same  as  under  the  hand 
system  ;  5th,  The  improvement  in  the  quality  of  the  iron  is 
undoubtedly  the  effedt  of  the  mechanical  puddler. 

Having  now  drawn  a  sketch  of  puddling  from  its  earliest 
date  down  to  the  present  time,  I  proceed  to  direct  your  at- 
tention to  some  remarkable  fadts  conne<^ed  with  a  new 
process,  viz.,  "  The  Richardson  Process,"  which  I  am  sure 
will  be  of  great  interest,  as  it  is  of  the  gravest  importance 
to  nearly  every  member  of  this  Institution,  being  particularly 
interesting  because  the  chief  practice  with  it  has  taken 
place  in  the  neighbourhood  of  Glasgow.  Of  this  process 
and  its  results  some  fadts  have  lately  appeared  in  the 
engineering  journals,  and  I  am  happy  to  be  able  to  state 
that,  in  the  views  which  I  originally  formed,  my  conclusions 
have  since  been  fully  home  out  by  the  remarkably  accordant 
results  we  have  obtained  at  the  Glasgow  Iron  Works,  but 
piore  particularly  at  Parkhead  Forge. 
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Generally,  I  have  no  doubt  the  members  of  this  Institu- 
tion are  aware  in  what  the  "  Richardson  Process  "  consists. 
I  will  presently,  in  few  words,  explain  its  chief  feature,  but 
first  wish  to  mention  what  has  been  previously  attempted  in 
a  similar  dire<5lion.  Reuben  Plant  was  among  the  first  to 
introduce  blasts  of  air  and  steam  into  the  puddling  furnace, 
and  provided  he  had  continued  his  experiments  to  complete- 
ness, there  is  little  doubt  but  that  what  is  now  known  as  the 
"  Richardson  Process "  would  have  been  an  established 
mode  of  manufaifture  twenty  years  ago.  As  it  is,  to  Mr. 
Richardson,  who  was  associated  with  Plant  at  that  time, 
the  credit  is  due  of  having  made  the  first  recorded  experi- 
ments of  blowing  air  below  the  surface  of  fluid  pig-iron, 
when  he  obtained  that  peculiar  series  of  changes  which  we 
daily  see  produced  in  the  Bessemer  converter.  Had  Mr. 
Richardson  continued  the  blowing  of  air  long  enough,  there 
is  no  doubt  he  would  have  succeeded  in  making  worthless 
malleable  iron,  as  Mr.  Bessemer  has  done,  though  not  being 
able  to  eliminate  the  sulphur  and  phosphorus.  Other  cir- 
cumstance^, as  Mr.  Richardson  informs  me,  interfered,  that 
a  stop  was  put  to  the  prosecution  of  the  experiments,  and 
thus  it  became  reserved  for  Mr,  Bessemer  to  follow  up  that 
same  line  of  triumphant  investigation  by  which  he  has  tnamor- 
talised  his  name — the  process  for  making  "  Bessemer  steel." 

At  Dowlais,  in  particular,  as  well  as  at  Cwm-Avon  Iron 
Works,  in  Glamorganshire,  blasts  of  air  were  blown  into  the 
metal  on  the  puddling  hearth,  but  for  a  veiy  different  objeA 
to  that  which  the  "  Richardson  Process "  seeks  to  effedt. 
In  all  the  experiments,  as  I  am  informed,  that  were  made 
prior  to  Richardson's,  the  blowing  was  continued  for  a  long 
time  after  the  iron  had  been  brought  to  the  boil.  Now  it  is 
perfeAly  clear  that  in  an  ordinary  furnace  such  continuous 
pouring  in  of  oxygen  would  boil  the  metal  to  such  an  extent 
that  it  must  run  rapidly  away  with  the  slag  from  the  stopper- 
hole,  and  being  continued  long  after  the  desilicatisation  and 
decarburisation  of  the  chaige  were  effefted,  would  oxidise 
the  iron  to  an  enormous  extent,  thus  diminishing  the  yield 
so  much  as  to  reduce  the  iron-masters'  profits  to  a  degree 
that  could  not  be   tolerated.      But  these  are  not  all  the 
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defefts  of  such  a  constant  in-pouring  of  oxygen ;  the 
powerful  attack  upon  the  carbon  and  the  silicon,  and  after 
that  the  combination  with  the  iron  itself,  must  raise  the 
temperature  of  the  furnace  to  such  an  extent  that  the  bricks 
usually  employed  in  the  construflion  of  such  furnaces  would 
melt  away,  and  the  life  or  duration  of  the  furnace  would 
therefore  be  reduced  to  a  comparatively  brief  existence ;  and 
I  may  here  remark  what  is  a  singular  ta&,  that  although 
persons  originally  eng£^ed  in  such  experiments  did  not 
discover  a  remedy  for  this  evil,  it  is  well  known  that  for 
puddling  furnaces  common  soft  bricks  are  employed,  the 
higher  limit  of  temperature  employed  for  puddling  not  re- 
quiring the  use  of  the  harder  and  more  durable  kinds  which 
are  used  for  furnaces  wherein  the  temperature  ranges  higher. 
The  same  defedt  of  the  more  rapid  destru(5lion  of  the  roof 
has  been,  met  with  in  recent  processes  for  making  steel,  but 
that  has  been  entirely  overcome  by  the  use  of  harder  bricks 
and  a  higher  roof.  Having  now  shown  the  general  nature 
of  previous  attempts,  I  proceed  to  explain  the  different 
course  of  adtion  that  Mr.  Richardson  adopts.  In  place  of 
continuous  blowing,  the  blast  is  introduced  through  a  tubular 
rabble  connefled  with  a  blast  receiver  immediately  after  the 
charge  is  melted,  and  continued  until  the  metal  is  brought 
to  "  the  boil,"  when  it  is  withdrawn.  The  period  from  the 
melting  to  the  boil  with  the  iron  used  at  Parkhead  under  the 
common  method  of  puddling  occupies  from  twenty-five  to 
forty  minutes ;  this,  by  the  Richardson  process,  is  reduced 
to  ten  minutes.  The  temperature  of  the  furnace  being 
higher,  the  period  from  the  commencement  of  the  boil  to 
that  when  decarburisation  and  desilicatisation  are  completed, 
and  the  iron  separates  from  the  slag  and  cinder,  is  again 
reduced.  But  the  balling  operation  is  of  a  little  longer 
duration  than  under  the  old  method,  on  account  also  of  the 
greater  temperature,  the  granules  of  iron  requiring  more 
time  to  cool  down  to  that  temperature  at  which  they  adhere 
when  pressed  together.  The  following  table  No.  i,  of  some 
of  the  first  experiments  made  at  the  Glasgow  Iron  Works, 
shows  the  time  occupied  in  conducing  each  stage  of  the 
process,  as  well  as  the  yield  : — 
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In  these  experiments  the  time  of  working  a  charge  com- 
posed entirely  of  Scotch  pig  was  brought  down  to  one  hour 
and  eight  minutes,  whereas  the  usual  time  is  from  one  hour 
thirty  minutes  to  one  hour  forty-five  minutes  under  the  old 
method ;  the  yield  is  considerably  higher;  so  high,  indeed,  - 
as  to  require  only  21  cwts.  i  qr.  17  lbs.  of  pig-iron  to  pro- 
duce a  ton  of  malleable  iron,  showing  a  loss  on  the  con- 
version of  only  about  6  per  cent-     Then  as  to  the  purity  of 
the  iron,  it  is  most  remarkable  ;  two  samples  which  I  sent 
to  Dr.  Stevenson  Macadam,  of  Edinbut^h,  to  be  analysed 
have  given  the  following  results  : — 
Analysis, 
'  Name  of  Elemeot. 

Iron .     .     . 

Carbon .    . 

Silicon  .     . 

Sulphur     . 

Phosphorus 

Manganese 

99736  99*816 

We  see  the  sulphur  and  phosphorus  are  within  the  merest 
shadow  of  being  entirely  eliminated,  evidently  showing  that 
some  special  influence  must  be  present  when  puddling  iron 
according  to  Richardson's  system  that  is  not  found  else- 
where ;  iron  never  has  been  made  from  British  ores,  on  a 
commercial  scale,  so  pure  as  in  these  two  instances.  Made 
from  inferior  Scotch  pig,  which  always  contains  such  a  very 
large  percentage  of  these  two  elements,  the  extent  of  their 
elimination  is  all  the  more  remarkable.  But  not  to  draw 
any  hasty  conclusions,  I  have  prepared  tables  Nos.  2,  3,  4, 
5,  6,  7,  and  S,  showing  the  percentages  of  these  two  elements 
in  all  the  British  pig-irons,  from  the  analyses  published  in 
the  Blue  Book  "  On  Cast-iron  Experiments." 

The  only  analysis  of  pig-iron  from  North  Staffordshire 
that  I  possess  contains  the  very  high  proportion  of  I'oj  of 
phosphorus,  and  0*04  of  sulphur. 

It  is  a  very  remarkable  faft  that  I  have  not  been  able  to 
obtain  many  reliable  analyses  of  blackband  pig-iron,  or, 
indeed,  of  the  other  Scottish  irons,  that  are  guaranteed  by 
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Table  II. — HfiMArma.    Sulphur  and  Phosphokvs  Combined  in  Pio-Iron 

HADB     IN     WhITBHAVEN     AND     ULVEKSTOHE     DISTRICTS    7K0H    HSUATITB 


Red  HsEmatitefron  Whitehaven, 
Cumbettand,      and      Clcatai 

Ulvcrstone  Ore. 


Ores  ia  the  locality  of  Durham.         0*090      0'l4io 


IJlveiBtone  Hseniatite  (anhydroua 
Besqai oxide),  25  parts  ;  Forest 
of  Dean  hfematite  (hydrated 
seiquioxide),  5  parts;  brown 
hKioBtite,  believed  to  be 
from  Froghall,  25  parta;  Gub- 
bio  ironstone,  10  parts 
(toasted) ;  bottom  whiteBtone, 
5  parts  (roasted). 


Whitehaven  Foundry 
Pig,Noi.[,j,3,4, 
bot  blast. 

Pig-iron  made  at  the 
Newland  Fatnaces, 
Ulverstone. 

Iron  smelted  by  tbe 
Wesrdale  Iron  and 
by  the  Forest  of 
Dean  Co.,  at  Park- 
bead  Iron  Works. 

Pig-iron      made      by 


Mean  of  means 0*056     o'i446 

Table  ill,— Chiefly  Aroillacbdus  Ores  prom  thr  Coal  Measures.  Sul- 
phur AND  Phosphorus  Coubinbd  in  Pio-Iron  made  ik  South  Walrs. 


Black  pint,  PwllLlacca      0074         0-3* 

Bottom    vein,    Ball 

mine,  and  Grey  vein. 
Prom  the  coal  measures      o'osg         0-3 1 

of  the  locality,   the 

unknown. 
Red  or  Welsh  mine  and      075  079 


Pig  iron  made  at  DowUia,  of 
which  the  first  three  samples 
were  of  No.  3  best  mine  pig, 
cold  blast ;  mottled  mine  pig, 
cold  blast,  and  white  mine 
pig,  cold  blast,  respefiively; 
wbile  the  fourth  was  best 
mine  pie,  melted  in  a  fur- 
nace with  three  tuyeres,  of 
which  two  were  bot  and  one 
cold  blast. 

Made  at  Blsnaevon  with  cold 
blast. 

Made  at  Blanaevon,  and 
specified  as  cold-bUst  grey 
pig-iron ;  analysed  at  the 
Arsenal,  Woolwich. 

The  first  of  these  samples  caM 
in  chills,  the  second  in  sand, 
to  ascertaio  the  difference 
chemically  by  the  two 
modes  of  being  cooled.  It 
is  surprising  tbat,  whilst  so 
small  a  proportionate  difte- 
ence  shows  itself  in  the  car- 
bon, the  proportionate  diRer- 
ence  in  the  pbosphoius  is 
very  great. 
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Table  III.  (coDtioued). 


KtamiTa. 


From  the  coal  measures      0-096  0426        Cold   blast  grey  pig  made   at 

in     the     locality    of  Pontypool. 

Poo  ty  pool. 
CauB-y-GIo   or   Cheese      0-060  0*360        Made  at  Ystalyfera,  near  Swan- 

mine,  Pirn  melyn  mine,  sea  ;  hot  blast. 

or  yellow  pin  with  red 

hiematite  from  Ulvcr- 

Mean  of  means  .     .    oogS  0'473 


0-0440 


BoCtomstone  and  binds  1 
two- thirds  gubbin,  and 
rubble  one.tnird. 


□-40a      Cold  blast  fcrey  pig-iroa. 

0530  Pig.  grey— forge,  and  forge 
pig  reapcaively;  cold  blast 
iron  made  at  the  Parkhead 
Furnaces,  Dudley. 


Wbitestone,  gubbin,  grains, 
pins,  balls,  and  poor 
robins,  with  a  litije  red 
hsmatitefrom  Ulverstone. 


Dudley. 

Hot  blast  and  cold  blast  re- 
spectively, from  Earl  Dud- 
ley's Level  Iron  Works, 
Brierley  Hill. 

Pig-iron  made  by  Messrs. 
Badger  and  Co.,  Old  Hill 
Furnaces,  Dudley;  whet  her 
by  hot  or  cold  blast  is  un- 
known. 


Tablb  v.— Aroillacbous  Orbb  raoM  thb  Coal  Msasukbs,     Sulphor  a 
Phosphorus  Combined  in  Pig-Iron  uadb  in  YoRKaiiiRB. 


0-540  Various  kinds,  specified  as 
pig  and  grey  pig  made  at 
the  Bowling  Iron  Works. 

0-358  Cold  blast  pig-iron  made  at 
Messrs.  Huxling  and  Co., 
Beeston  Manor  Iron  Works, 

0-549 


Piniciilu*  It  t 

wbich  tb<  Pig 

™* 

•  mtd<. 

rs- 

Black  bed   ironsto 
the  coal  measoKi 
locality. 

Ibid. 

Of  this 

0-05 

0-05 

Mean  of  01 

eans 

0-05 

VOL.  111. 
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ReiuikE. 


The  first  tbree  aamplei  in  0*0475  I'ojo  Pig  Noi.  i,  1,  3,  4,  made  by 
thii  caie  made  of  Brown  Messrs.  Necdham,  Butter- 
Rake  ironstone,  and  the  ley  Iron  Works,  near  Al- 
foorth  from  Blue  Rake  fretoo,  Derbyshire ;  hot 
ironstone  (ore  roaited).  blast. 

Black  and  Gray  Rake  two-  0-04.20        0680      Various, foundry pigand grej 

thirds,  and  Hooeycroft  or  forge    pig,    made    at    the 

Striped  Rake,  one-third.  West  Hallam  Iron  Work*. 

Mean  of  means      ..     ..  00447        °'^ 

Table  VII.— Sulphuh  / 


.    Phcnpboru.  Kemukj. 

Ibid.  o'loo        11600     Made  by  Messrs.  Battlin  and 

Co.  with  cold  blast. 
Mean  of  means  . .     0-3G9        i'i43S 

Table  VIII.— Sulphur  and    Phosphorus   Coiibinep  in    Pio-Iron   mami 


Sulphur. 


UuceTtain.  0-035  ''^7      Iron  known  as  No.  a  foundry 

pis,  made  at  Sonth  Bank 
Furnaces,  Middlesbto'-on- 
Teei ;  hot  blast. 
Cleveland  ore  from  BelmoM       0-035  ''37      Made  by  Messrs.  Holdsworth, 

mines,   and   a    little  red  Bennington,  and  Byers,  at 

hematite.  Stockton  ;  hot  blast. 

Mean  of  means      . .  0*035  ''3^ 

authority ;  this  is  not  only  a  peculiarly  striking  fadl ;  it  is, 
moreover,  one  to  be  greatly  deplored.  It  is  true  that  I  am 
in  possession  of  several  analyses  in  which  phosphorus  does 
not  present  itself  at  all ;  this  certainly  is  notorious,  as  it  is 
well  known  that  the  blackband  pig-irons  do  contain  a  very 
large  percentage  of  phosphorus,  and  I  can  therefore  only 
suppose  that  this  element,  always  most  difficult  of  detedtion, 
has  not  been  carefully  sought  for.  The  paucity  of  analyses 
in  this  respeft  is  no  doubt  principally  due  to  the  faft  that  so 
much  of  the  Scotch  pig-iron  is  used  and  exported  from  the 
country  as  "foundry  iron."  Now,  it  is  perfeftly  evident 
that,  for  foundry  purposes,  the  presence  of  phosphorus  is  of 
considerably  less  importance  than  would  result  if  the  pigs 
were  as  lar;gely  used  for  making  malleable    iron  as  the 
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English,  Welsh,  and  Continental  ores.  It  being  certain  that 
the  presence  of  phosphorus  has  so  much  to  do  with  the  tensile 
strength  of  malleable  iron,  this,  no  doubt,  has  been  the  chief 
incentive  to  the  undertaking  so  many  careful  analyses  of  those 
pig-irons  from  which  malleable  iron  is  principally  made,  in 
order  that  to  produce  the  highest  quality  of  finished  iron,  ores 
containing  the  least  amount  of  phosphorus  might  be  selected. 
I  may  call  attention  to  one  analysis  of  Scotch  blackband 
ironstone,  which  we  may  safely  take  as  a  veiy  fair  mean  re- 
presentative of  the  produdlions  of  this  country.  It  is  from 
Gartsherrie,  and  my  authority  for  it  is  a  report  made  to  the 
Prussian  Government  by  M.  A.  Erbeich.  In  the  raw  state 
it  gives  phosphoric  acid  (POj)  0*90,  which  corresponds  to 
rather  above  0*5  per  cent  of  phosphorus  in  the  pig-iron,  but 
we  may  with  safety  take  it  at  0-5  per  cent,  for  the  sake  of 
avoiding  error  in  excess.  Some  samples  of  Scotch  pig-iron 
give  sulphur  and  phosphorus  in  other  proportions ;  for  in* 
stance,  some  No.  3  grey  coke  iron  from  the  Calder  Iron 
Works  contained  sulphur  0-35  and  phosphorus  0*39,  and 
another  specimen  from  Clyde  contained  sulphur  0*40  and 
phosphorus  i'30 ;  the  former  of  these  is  probably  a  fair  mean 
representative  of  the  quantities  of  sulphur  and  phosphorus 
combined  in  irons  from  the  Scotch  coal  measures,  whilst  the 
latter  is  no  doubt  an  extreme ;  taking,  however,  the  mean  of 
these  three,  we  get — 

Sulphur 0-375 

Phosphorus 0"630 

From  the  appended  tables  we  have  the  values  of  British 
pig-irons  in  regard  to  phosphorus  represented  in  the  following 
scale  of  ascending  values  of  the  quantity  of  that  element  by 
their  mean  of  means ; — 

Phoipborus,  per  cent. 

Haematites  (various) 0*144 

South  Wales 0'473 

Staffordshire  (South) 0-480 

Yorkshire o*540 

Scotland 0730 

Derbyshire o'865 

Staffordshire  (North) i'07o 

Northamptonshire i'i43 

Cleveland i'320 
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On  the  other  hand,  taking  the  mean  of  means  of  sulphur, 
we  get  the  following  order  of  ascending  values  in  respet^  of 
the  quantity  of  this  element  contained  in  the  ores  of  different 
localities  of  Great  Britain  ; — ■ 

*  Sulphur,  per  cent. 

Cleveland 0*0350 

North  Staffordshire 0*0400 

Derbyshire 0*0447 

Yorkshire 0*0520 

Whitehaven  (Ulverstone)      ....  0*0560 

South  Staffordshire o"o6i4 

South  Wales o'ogSo 

Northamptonshire o'2byo 

Scotland 0*2830 

Now,  since  the  effedt  of  combined  sulphur  is  to  prolong 
the  time  of  melting,  and  phosphorus;  on  the  other  hand, 
diminishes  that  period,  comparisons  like  those  we  have  made 
are  extremely  useful  in  indicating  the  other  chemical  con- 
ditions in  addition  to  those  produced  by  the  presence  of 
carbon  and  silicon,  that  affedl  the  duration  of  the  period  of 
melting  of  pig-irons  made  in  different  localities.  I  am  now, 
of  course,  speaking  independently  of  the  constru^on  of  the 
furnace,  for  this  modifies  the  time  of  melting  to  a  consider- 
able extent,  a  high  bridge  and  great  depth  of  hearth  tending 
to  drive  off  and  prevent  the  tips  of  the  reverberated  flame 
from  attacking  the  charge  so  easily  as  in  a  furnace  with  a 
low  bridge  and  shallow  hearth.  In  the  case  of  the  Cleveland 
ore,  we  see  at  a  glance  that  in  the  phosphorus  series  it  is 
the  very  last,  whilst,  singularly  enough,  in  the  sulphur  series 
it  takes  the  first  place ;  this  theory  shows  it  should  be  a  very 
fast'melting  pig-iron.  In  the  case  of  North  Staffordshire  it 
is  second  in  the  sulphur  series  and  seventh  in  the  phosphorus 
series ;  the  presence  of  sulphur  being  low,  and  that  of  phos- 
phorus very  high,  it  should  be  a  very  fast-melting  iron.  In 
the  case  of  Derbyshire,  the  phosphorus  is  much  lower  than 
in  the  preceding,  and  the  sulphur  but  very  slightly  increased ; 
it  therefore  should  take  a  little  longer  in  melting  than  the 
North  Staffordshire  pigs.  In  the  case  of  Yorkshire  the  sul- 
phur is  increased,  and  the  phosphorus  diminished ;  the  time 
of  melting  should  be  longer  still. 
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By  making  comparisons  like  the  foregoing  we  obtain  the 
period  of  melting  of  British  pig-irons  in  terms  of  the  com- 
bined sulphur  and  phosphorus  in  the  following  order : — 

Cleveland, 

North  Staffordshire, 

Derbyshire, 

Yorkshire, 

Northamptonshire, 

Whitehaven,  Ulverstone  (Hasmatite). 

South  Staffordshire, 

South  Wales, 

Scotland, 

Here  we  see  the  order  is  nearly  the  same  as  in  the  sulphur 
series,  the  exception  being  in  the  case  of  Northamptonshire 
pig,  where  the  percentage  of  phosphorus  is  so  very  high  that 
it  predominates  over  the  sulphur,  and  therefore  materially 
shortens  the  period  of  melting.  If  these  conclusions  which 
I  have  deduced  are  compared  with  praftical  results  they  will, 
I  believe,  be  found  to  very  fairly  coincide.  In  the  case  of 
Scottish  irons  these  should  take  longer  to  melt  than  any 
others  present  in  this  countiy,  and  from  the  number  of  trials 
at  different  works  that  have  been  made  on  this  point,  such 
deduction  will,  I  believe,  stri(5tly  correspond  with  the  prac- 
tical results. 

We  have  now  to  consider  the  extent  to  which  phosphorus 
and  sulphur  are  removed  in  the  ordinary  process  of  puddling. 
On  this  point  I  have  not  had  time  to  prepare  tables,  as  in 
the  case  of  pig-iron,  but  it  is  my  intention  to  do  so  on  the 
earliest  opportunity,  as  their  value  is  evident  enough  to  any 
one  whose  pursuits  are  directed  towards  improving  the 
metallurgy  of  iron  and  steel.  On  the  present  occasion,  then, 
I  shall,  to  shorten  the  time  I  am  occupying,  merely  bring 
forward  analyses  from  the  very  best  makes  of  malleable  iron 
I  have  met  with,  some  of  these  being  taken  from  Dr.  Percy's 
excellent  work  on  "  Iron  and  Steel."  An  armour  plate  made 
at  Lowmoor  was  found  to  contain  o'i04  per  cent  of  sulphur, 
and  o*io6  per  cent  of  phosphorus.  Now,  as  we  have  before 
seen,  the  mean  values  for  Yorkshire  pig-iron  are — 

Sulphur 0*052 

Phosphorus 0*549 
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in  which  case,  either  in  the  puddling  or  re-heating  furnace, 
but  most  probably  in  the  former,  the  sulphur  is  doubled,  but 
the  phosphorus  diminished  by  the  veiy  great  amount  of 
0"433  per  cent.  This,  however,  being  an  armour  plate,  is  a 
special  case,  and  it  is  highly  probable  that  a  portion  of  better 
pig-iron  was  mixed  with  the  Yorkshire  pigs  ordinarily  used 
at  Lowmoor.  The  sulphur  is  considerably  increased ;  it  may 
possibly  have  been  added  from  the  fuel.  In  several  other 
specimens  of  armour  plates  we  find  sulphur  existing  in  the 
following  percentages : — 

Sulphur,  0-058,  0-I2I,  o'igo,  o'liS,  o'osS,  o'io4, 
and  phosphorus  in  the  following  : — 

Phosphorus,  o'03o,  o'i73,  o'oao,  0"228,  0*089,  o*io6. 
In  regard  to  the  sulphur,  it  is  higher  in  the  examined  plates 
than  in  all  the  different  qualities  of  British  pig-iron  except 
two,  namely,  Northamptonshire  and  Scotch  ;  and  since  it  is 
not  in  the  least  likely  that  either  of  these  pigs  were  used  in 
producing  the  plates,  we  may  infer  that  sulphur  has  been 
added  to  the  iron  during  its  conversion  and  working  into  the 
malleable  state,  whilst  the  phosphorus  is  eliminated  in  every 
case  to  a  very  large  extent,  bringing  its  percentage  consider- 
ably lower  than  in  any  known  analysis  of  British  pig-iron. 
Comparing,  again,  malleable  iron  of  South  Staffordshire  with 
the  pig,  we  have  for  the  former : — 

Sulphur 0'i65 

Phosphorus 0*140 

Here,  also,  the  sulphur  is  increased  and  the  phosphorus 
diminished  to  a  very  considerable  extent,  and  the  same  result 
obtains  generally  with  any  other  comparisons  that  we  may 
make.  We  are  therefore  led  to  infer  that  during  the  con- 
version of  pig  into  malleable  iron,  sulphur  is  added  to  the 
iron  from  the  fuel,  whilst  the  phosphorus  is  eliminated  in  a 
very  large  ratio.  Of  course,  in  considering  the  increase  that 
takes  place,  we  must  bear  in  mind  that  the  percentage  in 
malleable  iron  is  greater  in  proportion  to  the  absolute  amount 
of  iron  itself  present  than  obtains  in  the  pig-iron,  for  the 
reason  that,  in  the  latter  case,  the  carbon  and  silicon  are 
present,  whereas  in  the  former  they  are  nearly  eliminated. 
Comparing  the  foregoing  results  with  analyses  of  iron 
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made  by  the  Richardson  process,  the  superior  eliminating 
power  of  that  process  is  forcibly  striking.  In  the  analysed 
samples  of  the  iron  made  at  the  Glasgow  Iron  Works  by 
that  process,  as  I  have  before  stated  for  the  experiments, 
common  Scotch  pigs  were  used  ;  and  yet  from  that  material 
we  have  obtained  finished  bar  iron  purer  than  anything  that 
has  ever  heretofore  been  manufa<5tured  from  British  ores, 
and  that,  too,  from  pig-irons  which  contain  the  highest  per- 
centage of  sulphur,  and  rather  above  a  medium  of  phos- 
phorus; indeed,  the  removal  of  these  two  elements  is  so 
nearly  complete,  that  practically  they  are  not  found.  There 
can  be  no  doubt  remaining  that  the  Richardson  process  has 
effedted  what  has  never  before  been  done  in  Great  Britain  ; 
by  it  we  are  enabled  to  produce  a  better  and  purer  iron  from 
the  commonest  pigs  than  we  can  yet  depend  on  obtaining 
continuously  by  the  common  process  of  puddling  from  the 
best  pigs.  We  can  save  a  third  of  the  time  hitherto  occupied 
in  puddling,  get  a  higher  yield,  save  fuel,  and,  therefore, 
cheapen  the  produdtion  of  malleable  iron. 

For  the  last  two  or  three  months  there  have  been  several 
furnaces  making  iron  by  this  process  at  Parkhead.  I  have 
a  large  number  of  the  returns  as  to  the  time  of  puddling  a 
charge,  besides  a  large  number  of  results  which  I  have  noted 
myself  from  watching  the  conduifl  of  the  process  on  several 
occasions ;  these,  however,  I  have  not  had  sufficient  time  to 
tabulate,  but  I  may  state  that  the  time  from  the  moment  of 
charging  to  taking  out  the  balls  varies  from  one  hour  fifteen 
minutes  to  one  hour  thirty  minutes,  whilst,  in  another  ex- 
periment that  we  made,  having  previously  "fettled"  the 
furnace  very  heavily  all  round,  both  the  bridge,  sides,  and  flue, 
the  heat  was  out  in  one  hour  twenty  minutes ;  this,  without 
the  fettling,  would  correspond  to  about  one  hour  and  ten 
minutes,  a  remarkably  short  time  when  we  remember  that 
at  this  forge,  where  very  grey  pig-iron  is  principally  used, 
the  amount  of  time  usually  occupied  for  puddling  by  the  old 
method  is  one  hour  forty-five  minutes,  and  very  often  two 
hours.  The  period  of  melting  in  the  case  of  such  pig-iron 
is  veiy  high.  I  have  on  several  occasions  noted  it,  and  find 
it  to  vary  between  thirty-five  and  fifty  minutesj  this  is, 
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doubtless,  due,  in  a  great  measure,  to  the  high  percentage  of 
combined  sulphur,  and  very  probably,  to  some  extent,  de- 
pending upon  the  large  proportion  of  silicon  contained  in  it, 
as  well  as  the  haematite,  a  small  portion  of  which  entered 
into  the  mixture.  Out  of  the  hundreds  of  bars  that  have 
now  been  made  in  this  manner  at  Parkhead  from  the  "  com- 
mon mixtures,"  too,  it  is  particularly  important  to  remark 
that  not  a  single  bad  bar  has  been  met  with.  The  iron 
works  better  under  the  shingling  hammer  as  well  as  the  rolls. 
In  the  puddled  bars,  after  they  have  passed  through  the  mill 
and  are  cooled,  their  appearance  externally  is  frequently  as 
smooth  as  good  finished  merchant  bars,  whilst  the  frai^ure 
shows  the  perfedl  regularity  of  the  metal.  With  puddled 
bars  of  the  same  mixtures  made  in  the  ordinary  manner,  when 
cold  and  worked  to  the  same  extent,  they  are  much  more 
full  of  flaws  and  fissures  gaping  wide  open  at  the  surface, 
and  the  fradtures  always  show  much  want  of  uniformity,  while 
the  microscope  usually  reveals  the  presence  of  a  great  deal  of 
graphitic  carbon.  Puddled  bars  from  the  common  mixtures 
will  not  usually  bend  through  a  greater  angle  than  40°  with- 
out cracking  right  across ;  some  of  them  break  off  quite  cold- 
short before  having  reached  that  angle ;  whilst  the  best  bars 
of  such  mixtures  rarely,  if  ever,  bend  45°,  and  usually  break 
in  half  before  reaching  that  extent  of  flexure ;  but  with  bars 
made  by  the  '*  Richardson  process,"  out  of  precisely  the 
same  materials,  I  have  seen  them,  I  may  with  certainty  say, 
on  most  occasions  bend  completely  round  to  90°  without 
breaking,  frequently  without  showing  a  surface  crack,  and 
some  specimens  that  have  been  tried  were  doubled  up  without 
effefting  a  complete  fradlure.  Altogether,  the  advantages 
of  working  by  this  process  are  so  great  as  to  require  no 
further  comment  from  me. 

Note. — Since  writing  the  foregoing  it  has  occurred  to 
me  that  I  should  mention  the  now  well-ascertained  fadt  that 
in  the  puddling  furnace  some  of  the  phosphorus  passes  from 
the  charge  into  the  cinder,  but  by  no  means  the  whole  of 
it.  This  circumstance  led  Dr.  Percy  to  propound  his  theory 
that  still  more  of  that  element,  existing  in  the  charge  as 
phosphide  of  iron,  was  liquated  or  sweated  out  after  the 
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metal  was  balled.  If  there  be  any  truth  in  this  supposition, 
it  appears  to  be  be  confirmed  by  the  results  of  the  mode  of 
working  to  which  I  have  now  called  your  attention.  The 
balling  process  is  of  longer  duration,  as  I  have  already 
explained,  therefore  greater  time  is  afforded  for  this  supposed 
liquation  of  the  phosphide.  I  merely  throw  this  out  as  a 
hint ;  it  is  rather  soon  yet  to  attempt  to  form  a  conclusive 
theory.  That  phosphorus  is  not  got  rid  of  by  oxidation  in 
combination  with  iron  is  certain,  or  it  would  unquestionably 
be  eliminated  in  the  Bessemer  converter — every  means 
hitherto  tried  having  utterly  failed  to  remove  it. 


The  President  inquired  whether  any  experiments  had  been 
made  to  test  the  tensile  strength  of  the  iron  made  by  the 
Richardson  process  ? 

Mr.  Day  replied  that  the  attention  of  Mr.  Richardson  and 
himself  had  hitherto  been  chiefly  directed  towards  perfeiSting 
and  obtaining  a  complete  knowledge  of  the  chemical  features 
conne<5ted  with  the  process,  which  he  considered  it  was 
most  important  to  be  sure  upon  in  the  first  instance,  bel'ore 
proceeding  into  a  train  of  experiments  as  to  the  mechanical 
qualities  of  the  material ;  he  had  formed  this  opinion 
because  it  was  daily  becoming  more  apparent  to  those 
persons  engaged  in  such  investigations  that  when  the 
chemical  nature  of  a  specimen  of  iron  or  steel  was  once 
known  within  the  limits  of  as  accurate  an  analysis  as  it  was 
at  present  possible  to  make,  that  from  this  chemical  know- 
ledge the  mechanical  properties  could  be  predifted  within 
narrow  limits  of  probable  error.  Another  reason  why  chief 
attention  had  not  hitherto  been  diredted  to  ascertain  exactly 
the  tenacity,  compressile  resistance,  the  elongation  or  com- 
pression of  the  material  under  stress,  or  the  various  moduli 
of  elasticity,  rupture,  &c.,  consisted  in  the  fa<5l  that,  with 
the  rough  and  ready,  although  inaccurate,  style  of  test  to 
produce  the  fraifture  of  the  "puddled  bars"  usually  employed, 
the  toughness  and  dudlility  of  the  metal  had  shown  them- 
selves so  much  higher  than  what  resulted  from  bars  made 
from  the  same  (common)  mixtures  of  iron  by  the  ordinary 
process  of  puddling,  that  it  was  considered  the  accurate 
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determination  of  these  values  might  safely  be  left  over  until 
after  certain  other  processes  of  the  experimental  inquiry 
were  further  advanced.  Nevertheless,  he  helieved  one  or 
two  tests  had  been  made  at  Messrs.  Napier's,  according  to 
instniAions  given  by  Mr.  Beardmore,  the  results  of  which 
had  been  to  show  that  the  finished  iroa,  both  in  the  direction 
of  and  across  the  fibre,  was  stronger  and  more  duiftile. 
However,  upon  these  mere  solitary  tests  he  was  of  opinion 
that  much  weight  should  not  be  placed,  particularly  so  as 
the  iron  was  amongst  some  of  the  iirst  manufatftured  by  the 
process,  when  the  mode  of  working  it  was  not  so  well  under- 
stood as  now.  He  did  not  remember  the  values  exactly  for 
these  tests,  but  he  had  no  doubt  that  Mr.  Beardmore,  who 
was  present,  would  give  them. 

Mr.  Beardmore  said  that  the  value  shown  by  the  tensional 
test  was  27  tons  per  square  inch  in  the  direiftion  of  the  fibre, 
and  23*7  across  the  fibre. 

Mr.  J.  M.  Rowan  quite  coincided  with  the  sentiments  ex- 
pressed by  Mr.  Day,  of  the  impossibility  of  removing  either 
sulphur  or  phosphorus  by  the  Bessemer  process.  If  it  had 
been  done  by  the  Richardson  mode,  it  was  more  than  Mr. 
Bessemer  had  done. 

Mr.  Day  did  not  intend  to  convey  the  meaning  that  it  was 
impossible  to  remove  sulphur  and  phosphorus  from  molten 
iron  when  in  the  Bessemer  converter.  All  he  said  was,  that 
it  had  hitherto  been  found  impossible  to  do  so,  although 
almost  every  so  far  available  means  for  effeifting  their 
elimination  had  been  resorted  to.  Chloride  of  calcium  was, 
he  believed,  the  last  substance  tried,  and  most  persons 
expedted,  from  the  reports  that  were  circulated  concerning 
the  valuable  properties  of  this  compound  in  the  converter, 
that  a  cure  for  the  evil  had  thus  been  found.  The  effeA  was 
tried,  he  believed,  at  Mr.  Bessemer's  own  works  at  Sheffield, 
and  the  steel  produced  was  analysed  in  this  country  as  well 
as  in  Germany,  the  results  of  which  went  to  show,  if  he 
remembered  correiftly,  that,  according  to  the  analysis  made 
by  Mr.  Riley,  the  phosphorus  and  sulphur  were  eliminated 
in  a  larger  ratio  than  formerly,  whereas  the  German  chemist's 
analysis  showed    the  veiy  reverse.      This  indicated    that 
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chemists  had  now  a  good  deal  to  learn  in  arriving  at  a  pro- 
cess of  seeking  for  these  two  elements  that  might  be  con- 
sidered pratflically  accurate ;  for  although  both  substances 
were  in  all  cases  most  difficult  of  detection  on  account  of 
their  presence  in  such  minute  quantities,  yet  they  so 
materially  a£Fe<5ted  the  value  of  the  mechanical  properties  of 
iron  that  it  was  a  most  important  item  in  the  physical  inter- 
pretation of  this  question  that  the  percentage  should  be 
known  with  precision.  He,  however,  was  amongst  those 
men  who  looked  forward  to  the  time  when  sulphur  and 
phosphorus  would  both  be  eliminated  from  the  charge  in  the 
Bessemer  converter,  although  he  did  not  think  that  at 
present  it  could  be  predit^ed  bow  that  was  to  be  done. 

Mr.  Ferdinand  Kohn  said  he  had  listened  with  much 
pleasure  to  Mr,  Day's  paper,  and  the  remarks  he  had  made 
as  to  the  difficulties  of  removing  sulphur  and  phosphorus 
from  iron.  He  thought  it  right  to  correift  an  opinion  hinted 
by  Mr.  Day,  as  to  German  chemists  being  superior  in  making 
analyses  for  the  detedtion  of  phosphorus  and  sulphur.  He 
thought  Mr.  Day  was  not  quite  well  informed  on  that  point. 
The  case  was  the  reverse ;  for  Mr.  Riley  found  more  phos- 
phorus in  the  steel  than  in  the  pig-iron  from  which  it  was 
made.  This  was  explained  by  considering  that  after  re- 
moving certain  impurities  from  the  pig-iron  the  quantity  of 
phosphorus  would  apparently  increase,  on  account  of  the 
diminished  quantity  of  the  total  mass.  He  thought  it  due 
to  Mr.  Riley,  who  is  a  very  clever  and  reliable  analyst  in 
this  specialty,  to  correift  the  impression  which  might  have 
been  made  by  Mr.  Day's  statement.  With  regard  to  the 
statement  that  Mr.  Bessemer  had  found  it  impossible  to 
make  iron  by  his  process,  and  could  produce  nothing  but 
steel,  he  wished  to  remark  that  a  distiniftion  between  iron 
and  steel  could  hardly  be  maintained  on  any  precise  scientiiic 
basis.  The  softest  qualities  of  steel  made  by  the  Bessemer 
process,  whether  tested  by  chemical  analysis  or  judged  by 
their  mechanical  properties  of  flexibility  and  malleability, 
showed  the  same  minute  proportions  of  combined  carbon 
and  the  same  degree  of  malleability  as  the  softest  kinds  of 
iron  known  in  the  market.     Boiler  plates  and  ship  plates  of 
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Bessemer  steel  mif^ht  now  be  seen  at  almost  any  first-class 
engineering  establishment  which  would  double  up  cold,  and 
would  permit  to  be  bent  and  distorted  to  an  extent  equalled  . 
only  by  the  very  finest  specimens  of  high-class  wrought-iron 
plates.  Samples  of  Bessemer  steel  were  exhibited  at  Paris 
which  had  a  smaller  percentage  of  carbon  than  the  average 
kinds  of  wrought-iron  are  known  to  possess.  The  only 
possible  dtstinftion  he  could  see  between  iron  and  steel  was 
that  the  former  contained  particles  of  slag  between  the 
metallic  crystals,  while  the  latter  was  homogeneous  and  free 
from  admixtures  of  slag.  If  this  definition  was  adhered  to, 
he  believed  that  Mr.  Bessemer  would  not  be  very  proud  to 
assert  his  capability  to  produce  iron  by  his  process  ;  but,  on 
the  other  hand,  judging  from  the  fine  quality  and  homo- 
geneous charatSler  of  the  bars  made  by  the  Richardson  pro- 
cess, Mr.  Richardson  would  ultimately  be  forced  to  admit 
that,  in  some  cases,  the  produc5t  of  his  process  was  nothing 
but  steel.  When  the  Bessemer  process  was  first  introduced 
the  steel-masters  maintained  that  the  producH;  was  anything 
but  steel ;  now  it  appears  that  iron- masters  tried  to  say  that 
Bessemer  metal  was  anything  but  iron.  Both  statements, 
however,  are  entirely  incorreft ;  the  Bessemer  process  is 
capable  of  producing  every  variety,  from  the  hardest  steel  to 
the  softest  homogeneous  metal  that  any  other  mode  of 
manufai5ture  now  in  existence  is  capable  to  produce.  It 
was  true,  however,  that  the  Bessemer  process  was  confined 
to  the  employment  of  the  purest  qualities  of  pig-iron,  and  for  this 
reason  it  appeared  to  him  that  the  Richardson  process, 
which  was  applicable  to  the  inferior  classes  of  pigs,  had  a 
wide  range  of  utility,  and  was  likely  to  become  a  process  of 
vast  importance. 

Mr.  Day  was  exceedingly  glad  of  the  opportunity  Mr. 
Kohn  had  afforded  him  of  putting  the  matter  of  Mr.  Riley's 
analysis  right.  Mr.  Kohn  had  referred  to  the  different  series 
of  materials  produced  in  the  Bessemer  converter.  He 
remembered  Mr.  Kiihn  had  read  a  paper  before  the  British 
Association  at  their  meeting  in  Dundee,  in  which,  as  it 
appeared  to  him,  the  suggestion  of  indicating  the  continuity 
of  the  series  of  metals  in  a  graphic  manner  by  the  aid  of 
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curves  representing  their  mechanical  properties  was  ex- 
tremely valuable.  This  graphic  representation  was  still 
further  extended  on  the  same  occasion  by  Professor  Rankine. 
With  regard  to  Mr.  Kohn's  further  remarks,  purporting  to 
show  that  there  was  no  final  line  of  demarcation  between 
iron  and  steel,  in  theory  he  coincided,  but  for  practical  pur- 
poses there  could  be  no  question  that  it  was  most  important 
to  fix  certain  limits  by  which  commercial  transactions  might 
be  guided. 

Mr.  Downie  asked  .whether  in  the  working  of  the 
Richardson  process  the  amount  of  work  doile  by  each 
puddler  was  greater  than  before — whether,  instead  of  six 
heats,  they  could  have  eight  heats  per  day  ? 

Mr.  Day  said  that  was  one  of  the  objedls  aimed  at,  but 
the  puddlers  had  hitherto  frustrated  this.  He  thought, 
however,  by  making  the  furnaces  a  little  deeper,  so  that 
heavier  charges  could  be  employed,  thereby  they  might  get 
the  equivalent  of  two  extra  heats  per  day. 

Mr.  Downie  believed  there  was  a  difficulty  in  the  way  of 
turning  out  more,  as  scarcely  any  man  could  stand  the 
labour  of  turning  over  so  many  charges. 

Mr.  Day  replied  that  he  had  no  doubt  by  the,  common 
process  the  present  day's  work  was  enough,  but  by  the 
Richardson  method  the  puddler's  labours  are  considerably 
diminished. 

Mr.  R.  Douglas  wished  to  be  informed  of  the  brands,  and, 
approximately,  the  analyses  of  the  iron  with  which  these 
experiments  were  made.  Mr.  Day  had  stated  that  the 
specimens  exhibited  were  made  from  common  Scotch  brands  ; 
but  as  his  interesting  paper  was  so  full  of  analyses,  it  would 
have  been  satisfactory  to  know  somewhat  definitely  the 
quality  of  pigs  used  to  produce  these  results. 

Mr.  Day  replied  that,  on  account  of  the  great  scarcity  of 
reliable  analyses  of  Scotch  pig-irons,  he  could  not  state 
exaiSlly  the  chemical  percentage  of  those  brands  used  with 
the  Richardson  process,  but,  referring  to  the  analyses  given 
in  the  paper,  it  would  be  found  by  taking  the  mean  of  means 
what  the  percentage  of  the  impurities  amounted  to. 
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Mr.  Rowan  stated  that  the  average  of  Scotch  grey  pig- 
irons  contained  phosphorus,  0*75  ;  sulphur,  o'04. 

Mr.  Downie  said  he  thought  that  the  possession  of 
reliable  analyses  was  a  matter  of  great  importance. 
Although  the  evidence  of  analyses  was  difficult  to  obtain, 
yet  the  very  differences  that  Mr.  Day  had  pointed  out 
would  point  to  different  results  if  different  classes  or  pigs  of 
the  same  brand  and  under  different  conditions  ;  and  unless 
they  had  the  analyses  of  the  pigs  used  in  those  experiments) 
they  could  have  no  corredl  idea  of  the  value  of  the  Richard- 
son process. 

The  President  said  that  the  quantities  of  sulphur  and 
phosphorus  in  the  iron  made  by  the  new  process  was  about 
one-tenth  of  that  in  ordinary  puddled  iron  ;  so  that  he  did 
not  think  that  such  an  immense  diminution  as  that  could 
be  traced  to  the  difference  in  the  quality  of  the  pig-iron.  He 
asked  if  Mr.  Day  could  give  them  any  idea  of  the  point  at 
which  the  phosphorus  and  sulphur  became  absorbed  or 
dissipated  from  the  iron.  Was  it  at  the  time  when  the  air 
was  forced  into  the  iron?  The  same  process  of  injedting 
air  was  used  in  the  Bessemer  process,  which,  it  was  alleged, 
did  not  remove  the  phosphorus  or  sulphur,  so  that  it  could 
scarcely  be  at  that  point  in  the  manufa(5ture.  Or  were  these 
elements  taken  away  in  the  puddling  process. 

Mr.  Day  replied  that  the  theory  as  to  the  removal  of 
sulphur  and  phosphorus  is,  in  its  present  state,  incomplete. 
It  was  known  that  sulphides  and  phosphides  of  iron  main- 
tained a  state  of  liquidity  at  a  lower  temperature  than  that 
at  which  the  iron  was  formed  into  balls  ;  this  led  Dr.  Percy 
some  years  since  to  propound  the  view,  that  when  the 
granules  of  iron  were  colledted  into  balls,  the  phosphides 
were  liquated  or  sweated  out ;  and  some  experiments  made 
at  Woolwich  by  Professor  Abel  seemed  to  confirm  this  view. 
If  this  supposition  of  Dr.  Percy's  was  corredt,  it  lent  great 
weight  to  the  value  of  the  Richardson  process,  because  on 
account  of  the  temperature  of  the  furnace  being  higher,  the 
period  of  balling  was  necessary  longer,  and  in  that  case 
greater  time  was  allowed  for  the  liquating  or  sweating  out 
of  the  sulphide  and  phosphide.     One  thing,  however,  was 
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perfedtly  evident,  that  there  was  some  influence  at  work 
with  the  Richardson  process  that  was  not  present  in  so  large 
a  degree  by  the  common  process  :  it  effedled  the  removal  of 
sulphur  as  well  as  phosphorus,  as  a  reference  to  the  analyses 
given  in  the  paper  would  clearly  show. 

Mr.  W.  M.  Neilson  thought  it  would  have  been  important 
if  a  drawing  of  the  fiimace  where  the  experiments  were 
made  had  been  exhibited.  He  could  not  see  how  air  blown 
in  the  same  way  could  have  a  different  effedl  in  the  Richard- 
son from  the  Bessemer  process.  He  would  like  to  know 
what  was  the  difference  in  the  amount  of  coal  used  in  the 
two  processes. 

Mr.  Day  replied  that  air  was  not  blown  in  in  the  same 
way,  at  the  same  time,  nor  for  so  long  a  time,  nor  for  the 
same  objedl,  in  Richardson's  as  in  Bessemer's  process,  and 
that  a  saving  in  fuel  was  effe(5led  by  the  Richardson  process. 

Mr.  Neilson  said  it  was  well  known  that  there  was  a  con- 
siderable amount  of  sulphur  given  off  by  the  coal  in  the  fur- 
nace, and  he  suggested  whether  it  might  not,  in  some  degree, 
account  for  the  smaller  quantity  of  sulphur  found  in  iron 
made  by  the  Richardson  process  that  it  was  a  shorter  time 
than  usual  in  the  furnace.  Also,  might  not  the  current  of 
air  which  passed  over  the  top  of  the  coal  in  the  furnace  pre- 
vent the  iron  from  imbibing  the  sulphur.  It  was  rather  a 
mysterious  thing,  and  being  so,  they  could  not  exai5lly  believe 
it.  Probably  if  they  got  the  drawing  of  the  furnace,  and 
more  explanation  of  the  perfedl  process,  they  would  under- 
stand it  better. 

Mr.  Beardmore  said  an  ordinary  reverberating  puddling 
furnace  was  employed.  The  air  was  blown  through  the 
iron  near  the  bottom. 

Mr.  F.  Kohn  concurred  with  Mr.  Day's  statement,  that 
the  theory  of  the  metallurgical  processes  now  under  con- 
sideration was  not  very  perfeft.  There  were,  however,  suffi- 
cient experimental  data  on  record  for  forming  at  least  an 
approach  to  an  explanation  of  the  difference  of  results  ob- 
tained by  the  Bessemer  and  by  the  Richardson  process.  He 
would  first  of  all  refer  to  Mr.  Neilson's  remark  about  the 
supposed  diminished  absorption  of  sulphur  from  the  coal  in 
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the  puddling  furnace.  This  explanation,  although  plausible 
in  itself,  would  not  suffice  for  explaining  the  adtual  removal 
of  sulphur  already  contained  in  the  pig-iron  before  its  being 
charged  into  the  furnace,  and  which  the  experiments  had 
shown  to  take  place  in  such  a  large  measure.  Experiments 
had  been  made  by  Dr.  Grace  Calvert,  of  Manchester,  Pro- 
fessor Wedding,  of  Berlin,  and  others,  to  ascertain  at  what 
period  of  the  puddling  process  the  sulphur  and  phosphorus 
were  removed  from  the  iron  and  driven  into  the  slag. 
Samples  of  iron  were  taken  out  of  the  furnace  during  a 
charge  in  intervals  of  a  few  minutes,  and  particularly  at 
those  moments  when  any  of  the  vital  changes  in  the  puddling 
process  occurred.  The  analyses  of  those  samples  showed 
that  the  sulphur  and  phosphorus  were  removed  principally 
during  the  early  stages  of  the  puddling  process — that  these 
elements  combined  with  oxygen  and  formed  sulphates  and 
phosphates  or  salts,  which  formed  a  portion  of  the  slag.  It 
seemed  probable  from  other  experiments  on  record  that,  at 
a  higher  temperature,  such  as  that  which  follows  the  "  boil  " 
in  puddling,  or  such  as  existed  in  the  Bessemer  converter, 
the  liquid  Iron  in  contadt  with  the  slag  had  the  power  again 
to  reduce  those  salts  from  the  slag,  and  to  form  sulphides 
and  phosphides  of  iron.  In  the  Bessemer  process  the  whole 
liquid  contents  of  the  converter,  including  these  sulphides 
and  phosphides,  are  turned  into  the  casting  ladle,  and  finally 
into  the  ingot  moulds  themselves ;  there  is,  therefore,  no 
opportunity  given  by  this  process  for  a  separation  of  the 
metal  from  those  noxious  substances.  In  the  puddling  pro- 
cess the  stage  of  "  balling  "  affords  such  an  opportunity.  It 
is  well  known  that  the  phosphides  of  iron  are  liquid  at  a 
much  lower  temperature  than  that  at  which  wrought-iron 
solidifies  or  "comes  to  nature,"  in  the  termsof  the  puddlers. 
It  seems  also  likely  that  some  sulphides  of  iron  have  a 
similar  property.  An  experiment  recently  communicated  to 
him  by  Mr.  James  Addie,  of  the  Langloan  Ironworks,  ap- 
peared to  give  evidence  on  this  point.  In  certain  kinds  of 
pigs  a  peculiar  speck  of  a  different  colour  from  the  rest  of 
the  iron  had  been  noticed  when  frai5luring  the  pig  through 
its  centre,   this  speck  again  occupying  the  centre  of  the 
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fractured  surface.  Mr.  Addie  had  a  portion  of  this  material 
drilled  out  of  the  centre  of  a  pig,  and  the  analysis  showed 
that  this  portion  contained  a  much  greater  percentage  of 
sulphur  than  the  rest  of  the  iron  taken  from  the  same  pig. 
This  seemed  to  show  that  the  pig-iron  soHdified  at  a  tem- 
perature at  which  the  sulphides  mixed  with  it  remained 
liquid,  and  that  these  latter  therefore  accumulated  in  the 
centre  of  the  soHdifying  mass,  and  remained  liquid  there 
until  the  temperature  fell  below  their  own  point  of  solidifica- 
tion. Although  it  did  not  appear  prudent  to  found  a  theory 
upon  a  single  experiment,  he  beUeved  that  the  general 
tendency  of  the  evidence  was  in  favour  of  the  assumption 
that  both  sulphides  and  phosphides  of  iron  remained  liquid 
at  the  temperature  of  the  boiling  process.  Taking  this  for 
granted,  it  would  appear  that  the  mechanical  process  of 
balling,  which  consisted  in  coUei^ing  and  pasting  together 
the  solid  particles  of  iron,  would  effeft  a  separation  of  the 
metal,  not  only  from  the  slag,  but  also  from  those  liquid 
sulphides  and  phosphides;  and  the  iron  formed  into  a  ball, 
and  freed  from  the  adhering  mass  by  the  subsequent 
mechanical  operations,  would  therefore  contain  only  a  pro- 
portionally small  amount  of  sulphur  and  phosphorus^  He 
did  not  hold  up  this  attempt  at  an  explanation  as  a  precise 
and  well-established  theory,  hut  he  thought  it  at  least 
sufficiently  plausible  to  be  of  some  utility  in  the  present 
state  of  existing  knowledge  on  this  subjei5l.  He  believed 
that  Dr.  Percy  was  the  first  to  point  out  the  peculiar 
fundlion  of  the  balling  process  in  connexion  with  the  re- 
moval of  sulphur  and  phosphorus  from  the  iron. 

Mr.  Beardmore  said  they  saved  a  quarter  of  an  hour  on 
each  heat.  The  yield  was  about  the  same  as  by  the  ordinary 
process.  The  iron  was  very  uniform  and  improved.  Although 
they  saved  a  quarter  of  an  hour  in  each  heat,  yet  the  men 
would  not  give  them  more  heats  per  day  than  previously. 
The  tensile  strength  and  the  dudlility  were  greater. 

Mr.  Day  remarked  that  if  the  elongation  was  greater,  that 
was  a  very  important  piece  of  information,  as  the  work 
necessary  to  produce  frafture  showed  at  once  a  much  higher 
value. 

VOL.  III.  2  X 
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The  President  said  it  was  very  evident  that  when  they 
came  to  compare  one  process  with  another,  engineers  did 
not  look  at  the  question  from  a  chemical  point  so  much  as 
the  mechanical — the  question  with  them  was  what  work  the 
material  would  do ;  and  it  would  be  well  if  some  experiments 
were  made  to  bear  upon  that  point  in  the  matter  before 
them. 

Mr.  J.  M.  Blair  asked  if  the  Richardson  process  would 
cheapen  the  price  of  iron  ?  He  expetfled,  as  one  of  the 
pra<5tical  results  of  this  new  process  (seeing  that  such  a 
saving  of  time  and  fuel  was  effefted),  the  price  of  iron  would 
be  reduced  ;  but  Mr.  Beardmore  did  not  seem  to  admit  any 
appreciable  saving. 

Mr.  Beardmore  said  an  inferior  pig-iron  could  be  used  in 
the  manufadture,  which  would  tend  to  cheapen  the  process. 

Mr.  Day  replied  the  correiil  answer  to  Mr.  Blair's  question 
was — that  out  of  common  pig-iron,  puddled  iron  was  now 
made  by  the  new  process  equally  strong  as  with  that 
hitherto  made  from  the  best  brands,  by  the  common  method 
of  puddling  from  the  best  pigs.  Chemically  speaking,  the 
new  iron  is  considerably  purer  than  that  made  from  the  best 
pigs  by  the  old  process.  The  economy  thus  brought  about 
was  therefore  unquestionable. 

Mr.  R.  Douglas  said  he  was  not  very  conversant  with  the 
process  of  puddling  ;  but  to  his  mind  it  was  not  at  all  satis- 
faftory  that  they  should  have  statements  so  widely  varying 
from  Mr.  Rowan  and  Mr.  Day,  as  to  the  sulphur  and  phos- 
phorus in  Scotch  pig-iron,  when  the  Richardson  process 
claimed  to  accomplish  largely  the  elimination  of  these 
elements.  He  would  like  to  have  analyses  of  the  particular 
irons  used  in  the  various  experiments. 

Mr.  Day  stated  that  the  mixtures  under  the  experiments 
have  been  seven-eighths  of  No.  4  Scotch  grey  forge  pig,  and 
one-eighth  of  red  haematite,  the  chemical  value  of  which,  in 
respeift  of  phosphorus  and  sulphur,  could  be  found  in  the 
analyses  given  in  the  paper. 

Mr.  Downie  concurred  with  a  good  deal  that  had  been 
said  in  respect  of  those  special  experiments.  He  thought 
that,  as  a  class,  engineers  had  too  long  neglei5led  to  give  due 
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attention  to  chemistry  ;  and  he  was  of  opinion  that  it  would 
be  well  if  the  analyses  of  iron  experimented  upon  we^e  added 
to  the  paper  yet.  Mr.  Kohn  had  given  them  a  theory  of  the 
manner  of  the  change  that  took  place  in  the  iron,  and  if 
Mr.  Beardmore  could  supply  analyses  of  the  iron  he  was 
using,  it  would  be  of  great  importance.  He  looked  upon  the 
Richardson  process  as  a  great  improvement  upon  the  old 
system. 

Mr.  Day  replied  that,  on  account  of  the  process  being  so 
recent,  it  had  not  been  possible  to  colledl  together  all  the 
information  desirable ;  and  it  must  be  remembered  that,  by 
reason  of  the  fai5t  of  the  theory  referring  to  the  metallurgy 
of  iron  and  steel  being  yet  imperfeft,  it  was  difficult  to  pro- 
duce an  exhaustive  explanation  of  such  a  subjei^  at  this 
early  stage.  No  question,  however,  could  remain  as  to  the 
value  of  the  great  fatSs  which  had  already  been  elicited. 


EXTRACT  FROM  A  PAPER  ON  "  HOT  BLAST  FURNACES  " 

(Read  by  Mr.   Whitwell,  before    the    Cleveland 

Institution  of  Engineers,  April  28th,  1869). 

Hot  Blast  Apparatus. 

Fire  Brick  Stoves. — The  plan  known  as  the  regenerative 
principle,  first  patented  and  made  public  by  Robert  Stirling, 
in  1817,  is  the  basis  on  which  all  other  systems  of  fire-brick 
stoves  are  founded.  Stirling  patented  the  heating  of  airs, 
gases  and  fluids,  by  the  agency  of  airs,  gases,  or  fluids  by 
means  of  passages  formed  of  brick,  metal,  stone,  or  any 
suitable  material  re-adapted  to  the  degree  of  heat  required, 
and  after  showing  how  his  system  could  be  applied  to  the 
manufacture  of  glass,  pottery,  &c.,  or  any  case  where  great 
heat  is  required,  left  it  at  that  point. 

No.  2861. — In  1856,  Mr.  Frederick  Siemens  patented  im- 
provements in  furnaces.  The  hot  air  from  the  furnace  is 
passed  through  chambers  containing  refraAory  materials 
presenting  a  large  surface,  and  air  to  support  combustion  in 
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the  fuma.ce  is  passed  through  the  same  chamber,  in  the 
same  or  opposite  diretflion  alternately  with  the  hot  air,  so 
as  to  become  heated.  Two  such  chambers  may  be  used,  the 
flame  passing  always  through  one,  and  air  through  the  other. 
The  alteration  in  the  current  is  produced  by  valves.  The 
chambers  may  be  so  arranged  that  the  product  of  combustion 
shall  pass  through  one  passage  and  the  air  through  another 
at  the  same  time,  such  passage  being  heated  by  condudtion 
only.    Such  passages  may  be  made  zigzag  or  tortuous. 

No.  -1404. — In  1857,  May  ig,  this  application  of  the  re- 
generator is  patented  by  Edward  Alfred  Cowper.  The  air, 
under  pressure,  is  heated  by  being  passed  through  regenera- 
tors, which  consist  of  air-Light  cases  of  iron  lined  with  fire- 
brick, or  other  non -conducting  material.  A  number  of  tor- 
tuous passages  are  made  for  the  air,  and  another  set  of 
passages  in  close  contact  with  them  serve  for  the  products 
of  combustion.  Two  regenerators  may  be  employed,  and 
the  air  and  products  of  combustion  passed  through  them 
alternately.  The  waste  heat  of  a  blast,  or  other  similar  fur- 
nace, may  be  used  to  heat  regenerators  arranged  as  above 
described.  The  regenerators  are  iilled  with  fire-clay  or  other 
refraftory  material  in  lumps.  The  specialty  consists  in  en- 
closing the  regenerator  in  an  air-tight  case.  Mr.  Cowper  at 
once  arranged  his  stove  for  heating  the  blast  for  blast  fur- 
naces by  means  of  the  waste  gases.  A  small  trial  pair  were 
erected  by  Cochrane  and  Co.  at  Ormsby  Iron  Works,  Middles- 
brough, and,  though  only  supplying  one  tuyere,  produced 
good  results  in  the  general  working  of  the  furnace. 

The  firm  then  proceeded  to  ereft  two  stoves  19  feet  in 
diameter  by  about  18  feet  high,  with  domed  tops.  Within 
an  air-tight  casing,  lined  with  18"  of  brick-work,  a  centre 
shaft  4  feet  diameter  was  construtfled,  the  annular  space 
surrounding  which  was  filled  with  bricks  in  the  form  of  a 
regenerator,  beneath  which  circular  flues  connected  with  the 
chimney  were  construifted.  When  the  stove  was  being  heated, 
the  gas  was  admitted  by  the  centre  shaft,  duly  mixed  with 
air,  for  combustion  ;  arriving  at  the  top,  it  descended  through 
the  open  brick-work  to  the  flues,  whence  it  was  conduced 
to  the  chimney.    This  continued  till  a  stratum,  3  feet  or 
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more,ofbrick-work  was  heated  red  hot — the  rest  shading  off  to 
blackness.  When  sufficiently  heated,  the  blast  was  turned  on. 

Whilst  these  stoves  were  in  course  of  ereftion,  two  pairs 
of  stoves  were  eretled  at  Port  Clarence,  and  heated  by  the 
blast  furnace  gases.  At  first  the  heats  were  excellent,  zinc 
and  even  antimony  being  freely  cut  by  the  blast  which  issued 
at  a  red  heat ;  but  after  two  or  three  month's  trial,  the  stoves 
became  gobbed  or  choked  with  the  dust  of  the  blast  furnace 
gas,  and  after  ineffeAually  trying  to  overcome  the  difficulty 
by  the  application  of  circular  fire-brick  tubes,  in  place  of 
bricks,  the  plan  was  abandoned.  In  the  meantime,  the 
stoves  were  nearing  completion  at  Cochrane  and  Co.'s,  at 
Middlesbrough,  and  in  order  to  avoid  the  unfortunate  con- 
tretemps at  Port  Clarence,  the  firm  decided  to  erefl:  Siemens's 
gas  producers  wherewith  to  supply  the  patent  stoves  with  a 
pure  gas.  This  plan  answered  well,  a  good  heat  was  gained, 
and  compared  with  a  cast-iron  plant  of  the  day,  I  am  in- 
formed by  Messrs.  Cochrane  and  Co.'s  printed  circular,  that 
these  stoves  produced  a  saving  of  5  cwts.  of  coke  per  ton  of 
iron  made.  But  whilst  this  plan  answered,  the  furnace  gases 
costing  nothing  were  being  wasted,  and  no  means  was  yet 
discovered  of  perfeftly  cleansing  them  of  the  dust,  so  as  to 
make  them  fit  to  use  in  a  Cowper's  stove,  which,  whilst  emi- 
nently calculated  to  absorb  all  the  heat  resulting  from  the 
combustion  of  the  gases,  formed  at  the  same  time  a  most 
perfedl  dust  trap,  which  could  not  be  cleansed  without  pulling 
down  the  stove. 

We  now  come  to  Stirling's  principle  as  applied  in  the  hot 
blast  stoves,  brought  out  by  the  writer. 

One  morning  in  April,  1865,  whilst  on  hia  way  to  the 
Thomaby  Iron  Works,  thinking  over  Morton's  stove  and  the 
best  way  of  making  the  pipes  near  the  fire  stand  the  heat,  he 
struck  on  the  idea  of  making  Morton's  stove  in  fire-brick, 
and  at  once  sketched  it  down  in  his  note-book  in  plan,  se^ion, 
and  elevation,  which  bear  not  the  slightest  resemblance  to 
either  Cowper  or  Siemens's  well-known  application  of  the 
regenerative  principle.  The  heating  material  being  con- 
struAed  in  the  form  of  the  stove,  was  supplied  with  doors 
and  movable  lumps  at  the  top,  whilst  cleansing  doors  were 
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also  provided  at  the  bottom  of  the  sides  for  the  purpose  of 
removing  dust  scraped  from  the  vertical  surfaces.  In  this 
way  the  top  door  gave  access  to  four  surfaces,  the  dust  heing 
removed  at  the  valves  at  the  bottom  of  the  sides  of  the  stove. 
The  first  form  was  rectangular  in  order  to  gain  all  the  space 
possible,  but  this,  after  trial  by  a  pair  of  stoves,  was  replaced 
by  the  circular  plan,  the  principle  being  the  same. 

In  this  apparatus  it  was  proposed  to  admit  the  air  to  be 
heated,  as  well  as  to  permit  the  egress  of  the  heated  pro- 
du<Jts  of  combustion  on  the  one  end  of  the  stove,  as  also  to 
form  the  outlet  for  the  hot  blast,  and  the  gas  inlet  in  a  some- 
what similar  way,  the  latter  to  be  lined  out  with  fire-brick ; 
but  it  was  soon  seen  that  the  heat  in  the  blast  would  be  so 
great  that  no  ordinary  slide  valves  could  be  depended  on  to 
remain  tight  for  any  length  of  time,  and  hence  the  valve  was 
adopted,  consisting  of  a  cast-iron  shell  14"  diam.,  and  with 
hollow  spindle,  through  which  water  circulated,  also  to  have 
a  water  seat,  whereby  the  valve  faces  would  always  be  pre- 
served intadl.  The  same  plan  had  already  in  principle  been 
adopted  at  Cochrane  and  Co.'s,  though  in  a  different  manner. 

It  was  now  decided  to  put  up  a  trial  pair  of  stoves  at 
Thomaby  Iron  Works.  The  site  had  been  occupied  by  an 
oval  stove,  and,  owing  to  the  existing  arrangement  of  blast 
and  gas  tubing  in  full  work,  these  stoves  were  of  necessity 
of  a  retflangular  form,  which  is,  of  course,  by  no  means  the 
strongest  shape  or  cheapest  in  construi5tion.  The  casings 
were  of  %  plate,  with  butt  joints  covered  by  a  tee  iron  5"  x 
4"  X  ^".  It  was  foreseen  that  the  sides,  ends,  and  top 
would  give  to  a  certain  extent  till  the  strain  ai5ted  on  the 
seiflion  of  the  iron,  when  all  further  movement  would  cease. 
By  a  slight  modification  of  the  arrangement,  the  blast  in 
this  instance,  instead  of  passing  over  and  under  each  wall 
alternately,  was  caused  to  ascend  a  wall,  pass  over  the  top, 
descend  the  other  side,  and  then  passing  under  the  centre 
longitudinal  wall,  to  ascend  and  descend  the  next  wall, 
whence  again,  passing  under  the  centre  wall,  the  process 
was  repeated.  By  this  course,  one  passage  having  a  mini- 
mum area  of  4  feet  x  9"  or  3  square  feet,  but  240  feet  long, 
the  circumference  of  the  passage  being  9'  6",  was  secured. 
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and  through  this  passage,  the  bends  of  which  were  made 
one  and  a  half  times  the  mean  area  of  the  conduit,  the  blast 
and  gas  were  direiSed  in  turn.  The  amount  of  heating  sur- 
face in  each  stove  was  therefore  upwards  of  2300  square  feet, 
of  which  1600  square  feet  were  to  be  heated  to  the  point  of 
redness,  the  remainder  shading  off  till  the  products  of  com- 
bustion passed  off  at  a  low  temperature.  When  a  stove  had 
been  the  proper  length  of  time  in  blast,  there  were  to  be  still 
700  square  feet  of  heating  surface  red-hot,  and  thus  the  blast 
would  never  be  below  the  point  of  redness.  The  top  cleaning 
doors  were  made  with  a  plain  joint  luted  with  fire-clay,  each 
door  4  feet  x  2  feet,  being  held  in  place  by  a  bridle  and  two 
toggle  bolts.  The  bottom  cleaning  doors  had  mitre-faced 
joints,  each  being  in  like  manner  held  in  place  by  a  toggle 
bolt  and  bridle,  which  fell  below  the  seat  when  opened  for 
cleaning.  After  the  stoves  started,  it  was  found  necessary 
to  provide  a  water  seat  for  the  gas  valves,  beyond  which 
there  have  been  no  material  alterations  made.  Owing  to 
the  heated  blast,  which  outside  the  stoves  heats  its  metal 
conduits  to  a  bright  red  temperature,  having  to  travel  about 
50  feet  through  old  metal  connei5tions  before  reaching 
the  furnace,  much  of  the  heat  was  lost — the  blast  which  at 
the  stove  cut  zinc  in  two  seconds  only  giving  an  average  of 
seven  at  the  tuyere.  The  old  connexions  are  now  being 
replaced  by  wrought-iron  tubes  lined  with  fire-brick,  which 
being  in  internal  diameter  10",  with  g"  of  fire-brick  sur- 
rounding, will  conserve  the  heat  till  it  reaches  the  tuyere. 

We  now  come  to  the  latest  and  simplest  form  of  fire-brick 
heating  stove.  Whilst  the  above  stoves  were  being  tried  at 
Thomaby,  Mr.  Cowper  was  not  inadtive.  He  designed  and 
patented  a  dust -separator,  consisting  of  a  tube  about  6  feet 
wide,  8  feet  high,  by  60  feet  long,  more  or  less,  with  iron 
trays  through  the  whole  length,  from  3  to  4  inches  apart ; 
this,  it  was  held,  would  perfe<ftly  cleanse  the  gas  from  the 
dust — the  theory  that  if  gas  travel  slower  than  3  feet  per 
second,  the  dust  contained  in  it  will  be  entirely  deposited  on 
the  trays — such  a  cleanser  would  only  cost  about  £1500  per 
furnace. 

Almost  at  the  same  time  we  find  a  patent  by  Mr,  Charles 
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Cochrane  for  making  cleansing  apparatus  of  shelves  of  iron, 
over  which  the  gas  was  forced  to  pass  consecutively,  which 
would  infallibly  remove  95  per  cent  of  the  dust.  A  trial  of 
the  latter  was  made  with  good  results  at  the  outset,  but  as 
the  quantity  of  cleansers  were  not  sufficient,  the  quantity  of 
depositing  shelves  was  greatly  increased,  and  again  tried ; 
for  some  weeks  it  answered  well,  till  at  length  after  about 
four  months'  trial,  the  stoves  were  gobbed  up  with  the  dust 
that  passed  the  cleansers,  and  the  furnace  was  blown  out. 
So  convinced,  however,  were  Messrs.  Cochrane  and  Co.,  of 
the  immense  advantage  of  having  an  apparatus  that  could 
not  be  melted  or  burnt,  or  overheated,  that  in  laying  out 
their  new  furnaces  they  ereCled  a  still  larger  plant  of 
cleansers,  and  two  large  Cowper's  stoves,  about  26  feet 
diameter  by  20  feet  high,  and  foreseeing  that  the  time  might 
come  when  the  stoves,  notwithstanding  the  cleansers,  might 
want  cleaning  out,  such  cleaning  involving  every  heating 
brick  being  taken  out  and  scraped  separately,  and  a  stoppage 
of  such  stove  for  from  six  to  nine  weeks,  they  added  a  third 
stove  of  still  larger  proportions  to  replace  the  stove  so  laid  off. 
In  the  meantime,  the  direftors  of  the  Consett  Iron  Com- 
pany (Limited)  determined  to  make  a  trial  of  a  fire-brick 
heating  plant  on  the  writer's  patent,  and  apply  the  same  to 
one  of  their  furnaces  ;  for  this  purpose  an  old  furnace  with 
its  stoves  was  swept  away,  a  large  plant  of  pistol  pipe  stoves, 
working  to  No.  6  furnace,  at  the  Consett  works,  pulled  down, 
and  on  the  site,  four  circular  stoves,  each  containing 
9000  square  feet  of  heating  surface,  making  36,cxx)  feet  in 
all,  were  eretfled.  Owing  to  existing  arrangements  in  opera- 
tion,  the  stoves  had  to  be  worked  in  to  the  site,  and  hence 
symmetrical  arrangement  could  not  be  secured.  They  were, 
however,  close  to  the  furnace,  and  any  loss  by  radiation 
carefully  guarded  against.  The  principle  of  the  stoves  is 
the  same  as  at  Thomaby,  only  they  are  circular  in  form. 
SufRcient  space  is  allowed  at  the  hot  end  for  the  gas  to 
ignite,. after  which  it  is  condu(5ted  through  the  stoves  by  two 
conduits,  which  are  9"  broad,  by  an  average  of  10"  long ; 
the  total  length  of  the  passage  being  300  feet.  In  order  to 
guard  against  the  centre  of  the  stove  being  cold,  a  certain 
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quantity  of  gas  is  conduced  by  small  openings  on  the  inner 
side  of  the  outer  longitudinal  walls,  by  which  means  the 
centre,  as  also  the  outer  parts,  are  heated  alike.  Of  the 
300  feet  of  travel,  about  200  feet  are  heated  red-hot,  as  is 
seen  through  eye  pieces  inserted  through  the  casing  and 
shell,  by  which  means  the  state  of  the  interior  of  the  stove 
is  always  commanded.  This  corresponds  to  about 
6000  square  feet  of  heating  surface  at  a  red  glow,  and  the 
remainder,  3000,  shading  off  till  the  products  of  combustion 
pass  to  the  chimney  at  a  temperature  of  about  400°.  When 
heated  to  this  point,  the  gas  inlet  and  outlet  are  closed,  as 
also  the  air  valves,  and  the  cold  and  hot  blast  valves  are 
opened.  The  blast  now  enters,  and,  passing  over  the  coldest 
walls,  is  gradually  heated  till  it  is  as  hot  as  the  brickwork  ; 
after  which  it  takes  up  no  more  caloric,  and  issues  by  the 
hot  blast  valve  through  tubes  lined  with  9"  brickwork,  and 
enters  the  furnace  at  a  red  heat.  By  this  plan  two  stoves 
are  on  and  two  off,  and  at  no  time  is  less  than  2000  square 
feet  of  heating  surface  below  a  red  heat,  so  as  to  secure 
uniformity  in  the  temperature  of  the  blast.  In  the  construc- 
tion of  the  stoves  care  was  taken  to  leave  a  space  of  i"  all 
round,  between  the  brickwork  and  the  wrought-tron  shell, 
which  was  filled  with  dry  clay  as  the  work  proceeded,  so  as 
to  allow  for  any  expansion  of  the  brickwork;  the  same 
allowance  was  made  at  the  top,  which  was  also  filled  in  with 
clay.  Each  brick  was  carefully  laid  under  inspeftion,  the 
joints  being  perfeftly  flushed  up  with  iire-clay.  At  the  hot 
end  the  walls  were  construfted  of  half  ganister  and  half 
fire-clay  bricks,  the  transverse  walls  being  7"  thick,  and 
built  in  lumps  12"  x  7"  x  3",  which  made  excellent  work. 
The  first  transverse  wall  at  the  hot  end  was  14"  thick,  with 
an  air  course  2  feet  x  4"^  in.,  duly  supported  with  heaters 
built  in,  communicating  with  a  12"  valve  on  the  outside, 
so  that  the  air  for  promoting  combustion  should  be  red-hot 
ere  it  mixed  with  the  entering  gas,  and  thus  develop  the 
most  intense  heat.  Within  the  gas  inlet  an  argand  burner 
was  construdted  of  Stourbridge  clay,  also  fed  by  a  12"  air 
valve,  in  order  that,  between  the  two  systems,  the  greatest 
temperature  should  be  developed  ;  the  Stourbridge  burners, 
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however,  fell  to  pieces  the  first  shift,  as  they  would  not 
stand  alternately  being  heated  red-hot  when  the  stove  was 
on  blast,  and  then  when  on  gas,  having  the  cold  air  for 
combustion  passing  through  them  ;  a  burner  was  then  con- 
3tru(5ted  of  brickwork,  which  answers  well,  the  heat  developed 
being  very  great,  the  ganister  bricks  being  thoroughly  glazed 
at  the  hot  end ;  indeed  the  stove-minders  say  that  with  the 
heated  air  and  the  burners  they  can  develop  a  most  intense 
heat.  The  brick  lining  is  i8"  at  the  hot,  and  14"  thick  at 
cold  end,  and  in  order  to  accumulate  more  heat,  as  a 
reservoir,  the  second  and  third  transverse  walls  are  g"  thick. 
The  hot  blast  gas  and  chimney  valves  are  here  shown.  The 
former  is  in  the  form  of  an  inverted  mitre  valve,  cast  hollow, 
with  hollow  spindle,  raised  by  a  chain  wheel.  Through 
the  valves,  as  also  the  seats,  water  circulates  so  as  to  pre- 
serve them,  care  being  taken  to  prevent  any  hot  blast 
striking  such  cooled  surfaces.  The  bonnet  within  which  it 
works  is  lined  with  brickwork,  and  2'  6"  main  communica- 
tion with  the  blast  tube  round  the  furnace  has  an  air  way 
of  13"  diameter,  with  a  lining  of  9"  thickness,  to  guard 
against  radiation.  This  crossmain  has  also  an  expansion 
joint  of  metal,  rivetted  to  the  tube,  so  as  to  allow  for  all 
changes  of  temperature.  The  hot  blast  is  carried  across 
the  expansion  joint  by  a  piece  of  12"  pipe  laid  in  the  brick- 
work, with  room  also  allowed  for  expansion.  The  gas  inlet 
valve,  22"  diameter,  as  also  its  seat,  has  water  circulating 
through  them,  and  below  these  is  a  slide  valve  "  faced,"  so 
as  to  regulate  the  supply  of  gas,  as  also  at  once  to  detedt 
any  leakage  of  blast  when  the  mitre  valve  is  shut,  and  pre- 
vent such  from  mixing  with  and  igniting  the  gas  in  the  gas 
flue.  In  like  manner,  the  chimney  valve  is  2' a"  diameter, 
with  a  plain  mitre  face,  but  htted  with  a  water  seat  as  a 
precaution.  The  draught  is  regulated  by  a  slide  valve,  not 
faced,  which  also  detefts  any  leakage,  should  the  mitre  valve 
be  off  its  seat  through  dust.  In  order  to  ensure  this  point 
being  rectified,  a  crosshead  on  the  spindles  of  the  gas  and 
blast  and  chimney  valves  admits  of  their  having  half  a  turn 
round  given  them  when  on  their  seats.  Leakage  through 
the  hot  blast  valve  is  detefted  on  each  turn  by  opening  the 
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first  cleaning  door  on  the  side.  This  also  applies  to  the  cold 
hlast  inlet  valve.  The  cleaning  of  these  fire-brick  stoves 
forms  one  great  feature  in  them.  The  gas  having  been  shut 
off,  the  chimney  valve  is  slightly  opened  in  order  to  carry  the 
heat  downwards,  and  the  first  top  cleaning  door  at  the  hot 
end,  which  is  suppHed  with  springs  in  case  of  an  explosion, 
is  taken  off,  the  lumps  prdtedting  it  are  lii^ed,  and  scrapers 
with  i"  tube  handles  are  screwed  together,  and  the  walls 
scraped  up  and  down,  the  dust  falling  to  the  bottom.  The 
first  compartment  being  cleaned,  the  door  is  replaced,  luted 
with  fire-clay  paste,  and  screwed  down,  and  the  same  pro- 
cess repeated  with  the  other  doors  in  rotation,  whilst  the 
walls  are  red-hot.  Of  course  hand  leathers  and  tongs  are 
needed,  and  a  spare  scraper  is  at  hand  to  use  by  turns.  The 
top  being  made  good,  the  side  circular  doors  are  opened,  and 
the  dust  raked  out  with  coal-rakes.  The  whole  operation 
does  not  take  above  three  or  four  hours,  and  the  stove  then 
goes  on  for  two  or  three  months,  more  or  less,  depending 
on  the  amount  of  dust  deposited  on  the  walls.  As  will  be 
seen,  the  cold  end  walls  at  the  end  of  a  turn  are  400°  hot ; 
the  cold  blast  is  then  admitted,  and  striking  these  surfaces, 
gradually  robs  them  of  their  caloric,  till  at  the  end  of  the 
turn,  say  in  two  hours,  they  are  much  cooler,  the  blast,  when 
in  full  work,  having  been  flowing  over  them  at  the  rate  of 
4-5000  cubic  feet  per  minute.  When  again  the  stove  is  put 
on  gas,  the  produ(5ts  9f  combustion  give  their  heat  to  the 
walls,  and  thus  the  greatest  economy  is  attained  in  the  use 
of  the  gas.  To  so  great  an  extent  do  the  walls  absorb  the 
heat,  that  on  one  occasion,  it  being  desired  to  cool  down  a 
stove,  the  blast  was  kept  on  some  hours,  till  at  the  hot  end 
it  was  apparently  black.  On  being  laid  off  for  an  hour  the 
heat  came  out  of  the  interior  of  the  walls  and  heated  the 
stove  red-hot ;  it  was  then  put  on  blast  for  two  hours,  and 
this  was  afterwards  twice  repeated,  till  the  caloric  was  at 
length  taken  up.  It  will  thus  be  seen  that  in  construiftion 
and  operation  these  stoves  are  very  simple,  the  difficulty  of 
cleaning  is  overcome,  and  hence  there  is  no  necessity  for  an 
expensive  apparatus  of  cleansers,  which  add  enormously  to 
the   cost   of  the  plant.       The  total  cost   of  the  stoves  at 
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Consett  is  not  more  than  has  been  spent  over  cast-iron 
stove  plants,  of  the  most  recent  date,  whilst  the  heat  is 
greatly  superior  and  the  economy  of  coke  proportionately 
greater.  Should  any  repairs  ever  be  needed,  they  amount 
at  most  to  a  few  bricks  and  a  man  half  a  day  to  put  them 
in,  but  so  far  as  can  be  seen  the  fire-brick  hot -blast  stove  is 
certain  to  have  a  good  life  from  the  nature  of  the  material 
made  use  of. 


a  new  method  op  producinq  cast-iron. 
By  M.  Ponsard.* 
The  metallurgy  of  iron  has,  during  the  last  ten  years,  made 
incontestable  progress,  both  in  France  and  elsewhere ;  we 
must,  however,  acknowledge  that  the  large  quantity  of  fuel 
required  for  the  extradlion  of  the  metal  from  the  ore,  pre- 
vents the  produ(5tion  of  cast-iron,  wrought-iron,  and  steel  at 
moderate  prices. 

The  exorbitant  cost  for  fuel  which  the  present  mode  of 
treating  iron  ore  necessitates,  is  in  consequence  of  the 
principle  that  the  production  of  cast-iron  is  possible  only  in  blast 
furnaces.  This  principle  has  been  accepted  as  an  axiom  by 
the  iron-smelters  of  all  countries,  and  is  the  reason  why  all 
improvements  and  economies  are  made  to  apply  to  the  in- 
stallation of  blast  furnaces  and  to  the  utilisation  of  the  heat 
created  in  them. 

No  attempt  has  therefore  been  made  to  avoid  the  immense 
loss  of  heat  which  blast  furnaces  give  rise  to  by  employing 
another  apparatus,  although  blast  furnaces  are  essentially 
defe<5live,  for  the  reason  that  the  extraction  of  i  ton  of 
cast-iron  from  the  ore  necessitates  the  consumption  of 
1500  kilos,  of  coke,  or  about  3000  kilos,  of  coal;  this  quantity 
of  carbon  is  much  larger  than  that  indicated  by  theory. 

*  Coroptes  RenduB  des  Sftmces  de  I'Acadftnie  d«s  Science!,  Pwii, 
ig  Juillet,  1869. 
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In  consideration  of  all  the  inconveniences  which  attend 
the  above-mentioned  furnaces,  I  have  tried  to  replace  them 
by  a  metallurgical  apparatus,  which  is  more  simple,  more 
easily  managed,  cheaper,  and,  at  the  same  time,  admits  of 
the  production  of  cast-iron  more  or  less  carbonised,  as  may 
be  desired,  and  with  a  considerable  economy  of  fuel. 

These  improvements  in  the  treatment  of  iron  ores  are  ob- 
tained by  separating  the  carbon  which  readts  chemically 
(agent  chimigue)  from  that  which  is  burnt  for  producing  the 
heat  (agent  calorifique). 

My  new  process  is  carried  out  in  a  gas  reverberatory  fur- 
nace, which  allows  of  the  produftion  of  the  highest  tempera- 
ture. On  the  sole  of  such  a  furnace  I  place  vertically  a 
number  of  fire-proof  crucibles  zo  centimetres  in  diameter  and 
I  metre  high.  The  upper  parts  of  the  crucibles  are  fixed 
into  openings  with  which  the  furnace  roof  is  provided  for  the 
purpose,  so  that  the  mouths  of  the  crucibles  are  in  the  open 
air,  thus  allowing  an  easy  and  continued  charging.  The 
lower  part  of  the  crucibles  is  perforated,  and  rests  upon  the 
furnace  sole,  which  is  furnished  with  gutters  sloping  to  a 
basin  in  the  middle  of  the  furnace. 

Each  of  the  crucibles  is  charged  with  a  mixture  of  ore, 
flux,  and  carbon  ;  the  latter  substance  is,  however,  employed 
only  in  sufficient  quantity  (about  12  per  cent)  to  induce  the 
chemical  rea<5tions,  that  is  to  say,  the  redui5lion  of  the  ore 
and  the  carburisation  of  the  metal. 

The  furnace  is  gradually  raised  to  high  temperature,  and 
fifteen  hours  after  the  charging  of  the  crucibles  I  have  eX' 
trailed,  through  a  tapping  hole,  about  1000  kilogrammes  oi 
cast-iron  of  excellent  quality.  Twelve  hours  later  I  have 
again  tapped  off  the  iron,  and  continued  the  operation  until 
I  was  enabled  to  make  a  correift  calculation  of  the  consump- 
tion of  fuel.  I  thus  found  that,  by  this  process,  and  owing 
to  the  high  temperature,  the  ore  was  veiy  rapidly  reduced, 
carburised,  and  melted,  at  a  consumption  of  only  rooo  kilo- 
grammes of  coal  per  ton  of  cast-iron,  whilst  blast  furnaces 
consume  about  three  times  that  quantity. 

The  vast  importance  of  this  result  has  induced  me  to  call 
the  attention  of  the  Academy  to  my  new  process. 
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The  result  shows  ; — 

1.  That  it  is  possible  to  produce  cast-iron  at  a.  considerably 
smaller  consumption  of  fuel  than  that  necessitated  by  blast 
furnaces. 

2.  That  the  exterior  heat  of  the  flame  is  sufficient  to  pro- 
duce the  chemical  readtions,  and  to  melt  the  metal.  For 
producing  the  temperature  every  kind  of  gaseous  fuel  (pro- 
duced from  mineral  coal)  brown  coal,  peat,  wood,  and  also 
from  hydrogen  and  mineral  oil)  may  be  employed.  As  the 
heating  carbon  (agent  calorifique)  does  not  come  into  contadt 
with  the  ore,  the  metal  produced  cannot  be  modified  by  it. 

3.  It  is  possible  to  produce  at  will  metal  more  or  less  car- 
burised,  according  to  the  quantity  of  carbon  mixed  with  the 
ore. 

The  samples  which  I  have  the  honour  to  lay  before  the 
Academy  show  the  varieties  of  metals  which  may  be  pro- 
duced by  the  new  process  ;  they  also  prove  that  the  quality 
of  the  iron  is  unexceptionable. 


THE    SEPARATION    OP    PHOSPHORUS    FROM    IRON. 

At  a  meeting  of  the  Liverpool  Polytechnic  Society,  held  at 
the  Royal  Institution  in  May,  1869,  Mr.  Hargreaves  read  a' 
valuable  and  interesting  paper  upon  this  subjedt,  of  which 
the  following  is  a  synopsis  : — 

The  manner  in  which  this  separation  was  effedled  was  yet 
a  disputed  subje(5t ;  the  writer  was,  therefore,  in  the  position 
of  a  controversialist,  advancing  views  which  were  not  gene- 
rally accepted  by  authorities  on  that  subje(5t.  But,  having 
been  led  by  circumstances  rather  than  choice  into  this  de- 
partment of  chemistry,  he  was  induced  to  examine  the  ques- 
tion for  himself  without  reference,  and,  indeed,  in  the  first 
instance,  without  much  acquaintance  with  the  opinions  of  his 
predecessors  in  the  same  field  of  enquiry,  except  that  general 
acquaintance  with  the  subjefl  which  every  chemist  is  ex- 
pected to  have. 
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The  apparent  anomalies  which  were  shown  in  the  results 
of  different  modes  of  reducing  cast-iron  into  malleable  iron 
at  first  struck  him  as  demanding  investigation.  For  instance 
— Why  should  not  the  Bessemer  process  be  as  effeflive  as 
puddling  to  remove  phosphorus?  Mr.  Bessemer,  in  elabo- 
rating his  process,  tried  to  render  it  analogous  to  puddling 
by  the  addition  of  oxide  and  silicate  of  iron  to  the  converter, 
but  this  failed,  and  so  far  from  removing  any  notable  pro- 
portion of  phosphorus  from  the  metal,  the  furnace  cinder,  if 
it  contained  phosphoric  acid,  would  transmit  its  phosphorus 
to  the  metal.  And  not  only  was  this  the  case  in  the  Besse- 
mer converter,  but,  under  some  circumstances,  the  normal 
readlion  was  reversed  in  the  puddling  furnace  itself,  and  iron 
comparatively  or  entirely  free  from  phosphoruswas contami- 
nated with  this  impurity  by  the  reduiftion  of  phosphate  of 
iron  present  in  the  "  fettling  "  of  the  furnace. 

This  was  one  of  the  many  instances  in  the  iron  manufac- 
ture where  the  direction  of  the  reaftions  was  altered  or  re- 
versed by  varying  circumstances,  and  it  was  only  by  a  know- 
ledge of  what  these  circumstances  were  that  the  readlions 
could  be  controlled  by  the  will  of  the  operator  instead  of  by 
accident. 

The  reactions  which  occurred  in  the  puddhng  furnace 
refinery  and  Bessemer  converter — and  to  these  might  be 
added  the  process  lately  introduced  by  Mr.  EUershausen,  in 
the  United  States,  and  when  oxidising  salts,  such  as  the 
alkaline  nitrates,  were  used  as  the  oxidising  agents — were 
not  caused  by  the  diffusion  or  solution  of  the  reagents  within 
each  other  so  much  as  by  conta(St  of  the  surfaces  of  the  re- 
agents. Phosphide,  silicide,  and  carbide  of  iron  were  dis- 
solved and  intimately  diffused  through  each  other  and  through 
fused  metallic  iron  ;  and  fused  silicate,  phosphate,  and  oxide 
of  iron  were  also  soluble  in  each  other,  but  not  in  the  former 
materials. 

Puddling. — The  fused  cinder  and  iron  in  the  puddling 
furnace  were  not  dissolved  in  each  other,  but  were  kept 
mixed  together  by  the  rabble  of  the  puddler,  and  by  the 
adtion  of  the  evolved  gases,  which  prevented  the  fluids  from 
separating  by  reason  of  the  difference  in  theirspecilic  gravities. 
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The  simplest  illustration  of  this  mixture  was  a  mixture 
of  oil  and  water,  which  might  be  mixed  together  but  not 
diffused  in  the  form  of  solution.  The  chemical  adlion  of  the 
cinder  upon  the  iron  took  place  only  at  the  points  of  contact 
between  the  cinder  and  iron  ;  sulphide  of  iron  was,  however, 
soluble  both  in  the  cinder  and  in  the  fused  iron.  This  sur- 
face atflion  was  the  cause  of  many  of  the  apparent  anomalies 
before  mentioned.  Phosphorus  was  readily  removed  from 
cast-iron  when  free  oxide  of  iron  was  present  in  large  excess, 
but  when  the  oxide  was  all  or  nearly  all  in  combination  with 
silicic  and  phosphoric  acids,  the  carbon  in  the  cast-iron  re- 
duced the  phosphate  to  phosphide.  The  redudtion  of  phos- 
phate was  much  more  rapid  when  the  fused  cast-iron  con- 
tained a  large  proportion  of  silicon.  When  cast-iron  con- 
taining silicon  was  fused  in  a  close  crucible  with  tap  cinder 
containing  phosphate  of  iron,  the  oxide  was  reduced  to  metal 
and  the  phosphate  to  phosphide.  The  phosphate  was  not 
reduced  so  rapidly  as  the  free  oxide.  There  was  little  evolu- 
tion of  carbonic  oxide,  and  if  the  silicon  was  in  excess,  the 
whole  of  the  free  oxide  was  reduced  to  metal,  except  what 
was  necessary  to  form  a  base  to  combine  with  the  silicic  acid 
produced  by  the  oxidation  of  the  silicon,  and  the  phosphate 
was  reduced  to  phosphide. 

If  the  free  oxide  and  phosphate  were  in  excess  of  the 
quantity  needed  to  oxidise  the  silicide,  the  carbide  began  to 
part  with  its  carbon,  and  effervescence  (owing  tO'  the  evolu- 
tion of  carbonic  acid  and  carbonic  oxide)  began.  Here,  also, 
the  free  oxide  was  more  rapidly  reduced  than  the  phosphate. 
If  the  carbon  was  in  excess,  all  the  free  oxide  was  reduced 
to  metal,  and  nearly  all  the  phosphate  to  phosphide,  and  no 
doubt  with  a  sufficiently  long  exposure  to  heat  even  that 
slight  trace  would  disappear.  If,  however,  a  large  excess  of 
oxide  of  iron  was  used,  the  phosphorus  of  the  phosphide  of 
iron  was  oxidised  at  the  expense  of  the  free  oxide,  which 
was  reduced  to  metal,  while  the  phosphoric  acid  combined 
with  another  portion  of  free  oxide.  The  phosphorus  in  the 
iron  thus  decreased,  while  the  phosphoric  acid  in  the  cinder 
increased.  The  removal  of  phosphorus  was  also  very  much 
facilitated  by  a  current  of  air  upon  the  surface  of  the  cinder, 
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in  consequence  of  the  cinder  being  kept  in  a  high  state  of 
oxidation. 

The  Richardson  Process. — These  results  indicated  that 
the  process  introduced  by  Mr.  Richardson  was  valuable, 
chiefly  so  far  as  it  effected  the  rapid  oxidation  of  the  silicide 
of  iron,  thus  preventing  the  reduction  of  phosphate  of  iron 
in  the  fettling  to  phosphide.  And  practice  on  the  working 
scale  confinned  this,  and  the  process  was  most  valuable 
when  the  lining  or  fettling  of  the  furnace  consisted  of 
materials  containing  phosphoric  acid.  When,  however,  the 
lining  consisted  of  materials  free  from  phosphoric  acid,  the 
advantages  of  the  process  were  not  so  apparent. 

The  use  of  "  fettling  "  free  from  phosphoric  acid  and  with 
little  silicic  acid,  favoured  the  separation  of  phosphorus, 
especially  if  the  iron  contained  a  large  proportion  of  carbon 
and  little  or  no  silicon.  The  silicic  acid  in  the  bath  of  fused 
cinder  should  be  no  more  than  was  necessary  to  give  it  a 
sufficient  degree  of  fusibility. 

Siemens-Martin  Process.— In  making  steel  from  irons 
rich  in  phosphorus,  such  as  those  of  North  Yorkshire  and 
Northamptonshire,  by  fusing  malleable  with  carbonaceous 
iron — the  same  as  is  done  in  the  Siemens-Martin  process,  for 
instance — it  is  requisite  that  the  malleable  iron  should  be 
as  free  as  possible  from  phosphorus.  To  effe(5t  this  it  was 
necessaiy  to  continue  the  a<5lion  of  the  oxide  till  all  or  nearly 
all  the  carbon  was  removed,  and  it  was  not  till  then  that  the 
phosphorus  was  reduced  to  a  sufficiently  low  proportion  to 
fit  the  iron  for  subsequent  use  in  the  manufacture  of  steel. 
The  malleable  iron  was  then  fused  with  a  carbonaceous  iron 
free  from  phosphorus,  such  as  Swedish  and  hasmatite  pig, 
or  with  spiegeleisen,  a  cast-iron  rich  in  carbon  and  man- 
ganese. The  Siemens- Martin  process  was  now  being  suc- 
cessfully applied  to  the  manufafture  of  cast-steel  from  Cleve- 
land iron: 

The  Bessemer  Process. — The  Bessemer  process  did  not 
favour  the  transference  of  phosphorus  from  the  metal  to  the 
cinder  or  slag,  but,  on  the  contrary,  if  cinder  containing 
phosphoric  acid  were  added  to  the  materials  in  the  converter, 
the  phosphate  of  iron  would  be  reduced  to  phosphide  and 
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taken  into  solution  by  the  metal.  Any  free  oxide  or  phos- 
phate of  iron  that  might  be  formed  at  the  bottom  of  the 
converter  would  be  nearly  all  reduced  to  metallic  iron  and 
phosphate  of  iron  before  reaching  the  surface,  and  any  free 
oxide  or  phosphate  that  gets  to  the  surface  was  reduced  by 
the  ascending  currents  of  carbonic  oxide,  and  by  the  carbide 
of  iron  which  mixed  with  the  slag  or  cinder.  A  trace  of 
phosphoric  acid  might  be  found  in  the  slag,  but  it  was  too 
small  to  pradtically  affedt  the  percentage  in  the  finished  pro- 
du(5t.  The  slag  consisted  essentially  of  monobasic  silicate 
of  protoxide  of  iron,  with  a  very  small  excess  of  free  oxide. 
The  Bessemer  process  produced  a  greater  yield  of  iron  or 
steel  from  a  given  quantity  of  cast-iron,  because  circum- 
stances were  less  favourable  to  the  oxidation  of  the  metal, 
and  indeed  were  such  as  to  effeft  the  rapid  reduflion  of 
oxide  added  to  the  converter.  The  same  causes  which  pre- 
vented oxidation  of  the  iron  also  prevented  the  oxidation  of 
phosphide  of  iron  into  phosphate.  The  evident  remedy  for 
this  was  to  make  the  process  precisely  analogous  to  the 
puddling  operation  by  maintaining  in  the  slag  a  suitable 
proportion  of  free  oxide  of  iron,  and  to  do  this  the  cinder 
should  be  re-oxidised  from  the  surface  so  as  to  prevent  the 
redudlion  of  any  phosphate  that  may  be  got  into  the  cinder, 
and  also  favour  the  formation  of  phosphate  by  the  aftion  of 
free  oxide  of  iron,  and  thus  favour  the  accumulation  of  phos- 
phate of  iron  in  the  sl^.  Since  the  Bessemer  process 
excited  attention  by  its  brilliant  success,  many  attempts 
have  been  made  to  remedy  the  one  prominent  failure  which 
has  just  been  referred  to.  Some  of  the  proposals  had  been 
of  a  very  absurd  charadter.  The  favourite  scheme  was  to 
form  volatile  compounds  of  phosphorus,  which  could  be  ex- 
pelled along  with  the  heated  gases  from  the  converter. 
Several  persons  had  proposed — and  the  proposal  had  been 
repeatedly  secured  by  patents — to  pass  currents  of  hydrt^en 
and  carbide  of  hydrogen  through  the  converter,  in  the  hope 
to  extraifl  the  phosphorus  in  the  form  of  phosphide  of  hydro- 
gen. Carbonic  acid  and  carbonic  oxide  have  also  been 
proposed  in  the  hope  that  the  carbonic  acid  and  carbonic 
oxide  might  yield  their  oxygen  to  the  phosphorus,  and  form 
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phosphoric  acid,  which  should  either  combine  with  the  slag 
or  be  expelled  with  the  hot  gases.  These  persons  evidently 
forgot  that  the  two  gases  were  already  formed  in  great 
quantity  in  the  latter  part  of  the  converting  operation- 
Others — among  whom  was  Mr.  Bessemer  himself — had  tried 
to  expel  phosphorus  in  the  form  of  chloride  by  injedling 
chlorine  and  hydrochloric  acid,  evidently  in  ignorance  that 
the  iron  alone  would  be  attacked  by  the  chlorine  and  expelled 
as  volatile  chloride  of  iron.  Alkalies  and  their  salts,  including 
nitrates,  had  been  proposed  to  be  added  to  the  current  of  air. 
These  substances  facilitated  the  separation  of  sulphur  more 
than  of  phosphorus,  but  alkaline  phosphates  not  being  so 
readily  reduced,  favoured  the  separation  of  phosphorus  from 
the  metal  and  its  accumulation  in  the  slag.  The  alkaline 
phosphates  were  also  reduced  in  the  Bessemer  converter, 
though  not  so  rapidly  or  so  completely  as  phosphate  of  iron. 

Another  patentee  proposed  to  allow  the  phosphide  of  iron 
to  separate  from  the  fused  steel  by  keeping  it  fused  long 
enough  to  allow  the  phosphide  to  rise  to  the  surface,  like  so 
much  cream  on  a  pail  of  milk,  and  then  skim  off  the  phos* 
phide — a  process  very  much  akin  to  that  of  allowing  the  sea 
to  stand  still  till  the  brine  settled  to  the  bottom,  and  then 
skim  off  the  fresh  water  from  the  top.  By  others  it  has  been 
proposed  to  take  advantage  of  the  fusibility  of  the  phosphide 
and  separate  it  by  crystallisation.  To  those  who  had  any 
experience  in  separating  other  metals  by  this  method,  at 
temperatures  considerably  lower  than  the  melting  point  of 
steel,  it  required  no  great  powers  of  calculation  to  prove  that 
the  consumption  of  fuel  atone  must  cost  more  than  the  steel 
was  worth. 

The  Hai^eaves  Procesa. — Phosphorus  was  readily  re- 
moved by  the  use  of  alkaline  nitrates,  but  the  same  reaiftions 
which  occur  in  the  puddling  furnace  also  occur  in  a  modified 
form  in  this  process.  Till  the  silicon  was  in  great  part  re- 
moved, a  mere  trace  of  the  phosphorus  found  its  way  into  the 
slag,  and  if  the  nitrate  was  mixed  with  a  compound  rich  in 
phosphoric  acid,  and  onlya  sufficient  proportion  of  nitrate  used 
to  remove  a  part  of  the  silicon,  a  great  part  of  the  phosphoric 
acid  was  reduced,  and  the  phosphorus  transferred  to  the 
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metal ;  but  when  suitable  iron  was  used,  free  from  silicon, 
the  phosphorus  was  readily  separated,  and  a  steel  containing 
not  more  than  Jth  per  cent  of  phosphorus  could  be  readily 
produced  from  Cleveland  iron,  which  is  peculiarly  rich  in 
phosphorus. 

The  EUershausen  Process. — In  this  process,  which  had 
been  described  to  the  Society  by  Mr.  Lander,  the  phosphorus 
was  apparently  removed  by  the  molecular  motion  of  the  phos- 
phide of  iron  in  the  cast-iron,  which  was  disseminated  in 
minute  grains  among  40  to  60  per  cent  of  oxide  of  iron.  He 
had  never  had  an  analysis  of  the  iron,  but  from  what  he 
could  leam  of  the  matter  from  others  who  had  worked  the 
iron  produced  by  it,  its  properties  were  not  consistent  with 
the  presence  of  any  considerable  amount  of  phosphorus.  He 
had  had  a  description  of  the  process  from  a  correspondent  in 
Nova  Scotia,  who  describes  it  as  forming  a  conglomerate  of 
cast-iron  and  oxide  of  iron.  The  same  person  informed  him 
that  it  was  suggested  to  Mr.  EUershausen  by  a  description 
of  his  (Mr,  Hai^reaves's)  process  for  using  oxide  of  iron  and 
nitrate  of  soda.  The  mode  in  which  Mr.  EUershausen  had 
worked  out  the  process  was  quite  original  and  very  ingenious. 
Should  the  results  of  analysis  confirm  the  conclusions  arrived 
at  from  the  description  of  the  iron  made  by  the  process,  it 
would  still  further  substantiate  the  dedu<fUons  made  from 
his  own  experiments. 

The  Refinery. — The  readtions  which  occur  in  "  running 
out  fires  "  were  almost  analogous  to  those  occurring  in  the 
puddling  furnace,  elements  existing  in  the  cast-iron  were 
oxidised  by  jets  of  air  upon  the  surface.  The  coke  exercised 
some  reducing  efftCi  upon  the  cinder,  but  this  reducing 
action  was  too  slow  in  its  operation  to  neutralise  to  any 
great  extent  the  oxidising  efieft  of  the  air  currents.  The 
silicide  of  iron  was  first  oxidised  to  silicate,  and  a  portion  of 
the  metal  and  phosphide  of  iron  were  oxidised  also,  giving 
rise  to  free  oxide  of  iron  and  phosphate  of  iron.  Its  principal 
value  consisted  in  furnishing  an  iron  almost  free  from  silicon, 
which,  when  decarburised  in  the  puddling  furnace,  allowed 
the  oxidation  of  the  phosphide  of  iron  to  take  place  more 
readily  than  when  silicon  was  present  in  the  iron,  and  formed 
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a  cinder  rich  in  free  oxide  of  iron,  which  still  further  favoured 
this  separation  of  phosphorus  from  iron. 


THE    RADCLIFPB    PROCESS.* 

The  history  of  the  iron  trade  is  remarkable  as  being  a  record 
of  startling  innovations  on  existing  methods  of  manufadlure. 
There  has  been,  strictly  speaking,  no  such  thing  as  slow 
progress  or  gradual  advancement  in  Its  career.  Every 
development  has  followed  on  the  adoption  of  a  novel  system 
of  producing  finished  iron  from  the  ore ;  and  within  certain 
limitations  sufficiently  obvious  it  may  be  stated  that  each 
new  process  has  sprung  into  existence  almost  perfedt,  and 
tremendously  powerful  for  good.  We  need  not  go  back 
further  than  the  days  of  Cort.  The  invention  of  the  roll 
train  within  a  couple  of  years  pradlically  revolutionised  the 
manufacture  of  iron.  Then  came  Nasmyth  with  the  hot 
blast ;  then  came  the  steam  hammer ;  and,  finally,  the  Bes- 
semer process.  In  the  space  intervening  between  the  intro- 
dufftion  of  each  of  these  inventions  and  that  which  had  gone 
before,  the  iron  manufacture  stood  still.  Its  history  was 
monotonous.  Trade  developed,  indeed,  but  slowly,  and  the 
price  of  iron  was  little  affetSted  save  by  questions  of  supply 
and  demand.  There  is  no  reason  to  think  that  a  law — ac- 
cording to  experience  immutable — will  ever  be  altered,  and 
the  future  development  of  the  iron  trade  of  the  world  appa- 
rently depends  as  much  as  ever  on  the  adoption  of  inventions 
startling  in  their  charaAer — little,  if  at  all,  on  minor  im- 
provements in  the  mere  details  of  manufaiflure; 

The  adoption  of  any  new  invention,  provided  it  be  emi- 
nently successful,  appears  to  be  invariably  followed  by  two 
results.  The  first  is  that  invention  for  the  time  is  paralysed. 
Men  stand  by  stunned,  and,  looking  at  each  other,  ask, — 
"  How  is  it  that  this  was  not  done  before ;  being  done,  is 

*  The  Engineer  of  Feb.  5th  ttnd  nth,  and  April  aud,  i86(). 
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there  anything  left  to  do  ?"  The  secondary  result  is  a  revul- 
sion of  feeling,  and  a  determination  not  only  to  do  something 
but  to  do  something  still  better.  The  introdu(5lion  of  the 
roll  train,  of  the  hot  blast,  and  of  the  steam  hammer  were 
each  sufficient  to  stop  for  the  moment  alt  further  develop- 
ment of  original  ideas,  but  only  for  the  moment.  The  reac- 
tion has  only  just  fairly  set  in  after  the  pause  which  followed 
Mr.  Bessemer's  splendid  innovations  on  all  previous  prac- 
tice, and  there  is  reason  to  believe  that  this  reaftion  will  be 
so  remarkable,  so  energetic,  and  so  effedtual,  that  the  iron 
manufacture  of  Great  Britain,  if  not  of  the  world,  will  undergo 
developments  more  wonderful  in  their  results  than  any  which 
the  trade  has  yet  seen.  The  most  recent  innovation  is  the 
Radcliffe  process,  which  probably  deserves  at  this  moment 
more  attention  than  any  other  which  has  been  brought  under 
the  notice  of  the  scientific  world  since  Mr.  Bessemer  aston- 
ished the  ironmasters  of  Great  Britain  by  his  experiments  at 
Baxter  House.  Something  has  been  written,  and  a  good 
deal  has  been  heard  in  the  northern  distri<5ts  about  this  new 
process,  but  little  is  generally  known  about  it,  especially  in 
the  southern  distridls.  This  want  of  information  we  propose 
to  supply,  and  we  write  with  the  full  conviftion  that  what 
we  have  got  to  say  will  be  found  interesting,  and  will,  per- 
force, claim  attention  from  eveiy  one  conne<5ted  with  the 
manufaifture  or  use  of  wrought-iron. 

Nearly  a  year  has  elapsed  since  the  Radcliffe  process  was 
first  brought  under  our  notice.  We  were  told  that  it  con- 
sisted, simply  stated,  in  welding  two  or  more  puddled  balls 
into  a  homogeneous  mass  under  the  steam  hammer.  We 
looked  on  such  a  statement  with  doubt.  The  welding  of 
puddled  balls  together  in  this  fashion  is  not  new,  and  we 
were  perfeAly  aware  that  the  process  had  not  been  attended 
with  good  results.  The  difficulty  apparently  lay  in  securing 
a  good  weld  between  the  surfaces,  exposed  as  they  were  to 
the  oxidising  influence  of  the  atmosphere.  At  last  evidence 
reached  us  which  left  no  room  to  doubt  that  something  really 
remarkable  had  been  effeifled  at  the  Consett  Iron  Works, 
near  Durham,  and  we  resolved  to  visit  these  works  and  see 
for  ourselves  how  far  the  statements  made  coincided  with 
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the  truth.  What  we  have  seen  we  shall  place  here  before 
our  readers,  leaving  them  to  draw  their  own  conclusions. 
Before  doing  so,  it  will  be  worth  while  to  detail  the  ordinary 
system  of  producing  a  finished  bar,  rail,  or  sheet.  As  the 
Radcliffe  process  only  deals  with  the  conversion  of  pig-iron 
into  finished  bars,  rails,  or  sheets,  we  need  not  trace  the 
process  further  back  than  the  introduiftion  of  the  pig  into 
the  puddling  furnace.  Four  or  five  hundredweights  of  pig- 
iron  constitutes  a  charge,  and  in  converting  this  into  blooms 
about  22  cwts.  of  coal  are  used  per  ton  of  finished  iron.  The 
quantity  varies  with  the  kind  of  iron  produced,  the  quality 
of  the  coal,  the  skill  of  the  puddler,  &c.,  but  the  proportion 
of  coal  to  iron  named  is  not  far  from  the  average.  The 
puddled  balls,  when  made,  are  taken  separately  to  the  shing- 
ling hammer  or  squeezer,  the  cinder  is  expelled,  and  the 
rough  bloom  is  passed  through  rolls,  and  puddled  bars  are 
produced.  These  bars  are  then  suffered  to  cool  down  till 
wanted  for  the  next  process.  In  this  a  given  weight  of 
puddkd  bar  is  cut  into  lengths  of  18  inches  to  3  feet,  and 
several  of  these  lengths — from  two  to  six  or  eight  in  number 
are  made  into  a  pile.  Several  such  piles  are  placed  in  a 
heating  furnace  and  raised  to  a  welding  heat.  They  are  then 
withdrawn,  one  after  the  other,  and  rolled  off  into  bars  or 
rails  as  quickly  as  possible.  Where  a  vety  high  quality  of 
rail  is  required  the  puddled  bar  bloom  is  rolled  into  bars, 
which  are  again  cut  up,  piled,  re-heated,  and  rolled  into  the 
rail.  The  best  plates  are  always  thus  produced,  and  in 
manufa^uring  superlatively  good  merchant  bars  the  process 
of  cutting,  piling,  and  re-heating  is  repeated  a  third  time. 
The  cutting  and  piling  of  puddled  bars  will  cost  about  2S. 
per  ton,  and  at  least  10  cwts.  of  coal  per  ton  of  iron  will  be 
required  for  each  re-heating.  The  finished  iron — if  the  pig 
be  good,  and  all  the  processes  carefully  carried  out — will 
stand  a  tensile  strain  of  about  22  tons  per  inch,  with  an 
elongation  of  15  per  cent.  The  fradture  will  be  fibrous,  and 
the  material  soft  and  very  malleable.  The  least  consump- 
tion of  coal  to  produce  one  ton  of  such  iron  will  be  one  ton 
for  puddling  and  another  for  two  re-heatings.  Bvery  time 
the  iron  is  put  into  the  furnace  it   suffers  loss  by  oxidation. 
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It  is  very  difficult  to  state  exactly  what  this  loss  will  be,  but 
it  cannot  be  less  than  5  per  cent  or  6  per  cent  of  the  weight 
of  the  pile,  and  besides  this  there  will  be  a  loss  of  from 
10  per  cent  to  20  per  cent  accounted  for  by  crop  ends — 
roughly  stated,  10  per  cent  of  iron  is  pra<5tically  wasted  at 
each  re-heating.  Our  readers  will  do  well  to  bear  these 
fafts  in  mind,  as  their  full  realisation  is  essential  to  the 
comprehension  of  the  character  and  advantages  of  the  Rad- 
cliffe  process,  which  in  sSe&.  does  away  with  all  piling, 
cutting,  and  re-heating,  giving  the  finished  bar  rail,  or  sheet 
dire^  from  the  puddled  ball.  The  immediate  advantages 
are — firstly,  a  saving  of  at  least  i  ton  of  coal  per  ton  of 
finished  material ;  secondly,  a  saving  in  time  of  great  im- 
portance ;  thirdly,  a  saving  in  iron  ;  fourthly,  a  saving  in 
labour ;  and,  Bfthly,  a  gain  in  quality,  depending  on  some 
phenomena  attending  the  process  of  manufafture  to  which 
we  shall  have  occasion  to  refer  more  fully  hereafter.  Our 
business  is,  first,  to  record  fa<5ts ;  secondly,  as  far  as  possible, 
to  explain  them. 

As  Consett  Works  are  little  known  out  of  the  north,  and 
as  it  is  well  that  our  readers  should  understand  that  the 
Radcliffe  process  is  not  an  experiment,  but  a  commercial 
reality — hundreds,  if  not  thousands,  of  tons  of  iron  being 
now  made  by  it — it  will  be  well  to  digress  here,  and  give  a 
general  description  of  the  works,  which  present  many  note- 
worthy features. 

The  Consett  Ironworks  are  situated  about  twenty  miles 
from  Durham,  and  less  than  one  mile  from  Benfieldside 
station  on  the  Durham  and  Consett  line.  There  are  in 
work  four  blast  furnaces.  About  200,000  tons  of  ore  are 
converted  into  pig-iron  each  year.  There  are  three  blast 
engines,  two  double*  and  two  single  mills  under  one  roof, 
and  three  single  mills  under  another.  Each  double  mill  can 
turn  out  about  450  tons  of  plates  per  week,  and  as  many  as 

*  The  double  milU  tie  to  called,  not  because  oranypeculiarityof  coostnic- 
lioo,  but  bcMute,  Erom  their  large  dimensions  and  great  power,  they  can  utiliae 
nearly  double  as  many  rumacesasthe  smaller  or  single  mills.  Thenillaarthe 
double  mills  are  a6  inches  in  diameter,  and  of  the  sin^  mills  34  inches  in 
diameter. 
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1300  tons  of  plates  per  week  have  been  made  when  alt  the 
mills  were  at  work.  In  addition,  there  is  a  very  fine  rail 
mill  competent  to  make  800  to  1000  tons  of  rails  per  week. 
Besides  these  there  are  three  puddling  trains,  160  puddling 
furnaces,  and  48  heating  furnaces  of  all  kinds.  The  com- 
pany possess,  besides,  ten  locomotives,  and  they  employ 
between  the  works  and  their  colliery  about  6000  hands.  It 
will  be  allowed,  we  think,  that  a  process  worked  with  com- 
mercial success  at  such  an  establishment  as  this  deserves 
no  common  amount  of  attention. 

On  the  30th  of  January,  1868,  Mr.  James  Radcliffe, 
general  manager  of  the  Consett  Ironworks,  patented  the 
process  now  known  by  his  name.  The  patent  is  numbered 
321,  and  we  cannot  better  describe  the  principle  of  the  pro- 
cess than  by  using  Mr.  RadcliSe's  own  words,  quoted  from 
his  specification  : — 

"  I  first  combine  into  one  homogeneous  mass,  of  suitable 
form  and  weight  to  form  the  required  shape  and  weight  when 
finished,  five  or  any  larger  number  of  ordinary  puddled  balls 
of  iron  or  steel,  each  of  which  usually  weighs  about  i  cwt., 
or  an  equivalent  weight  of  puddled  iron  or  steel  may  be 
taken  diredt  from  the  puddling  furnace  sufficient  to  form  a 
mass  of  metal  of  the  required  shape  and  weight  when 
finished  by  means  of  a  powerful  steam  hammer,  or  other 
mechanical  equivalent  of  suitable  power  or  dimensions,  or 
by  means  of  pressure  suitably  applied.  For  this  purpose,  in 
carrying  out  my  improvements,  the  puddled  balls  of  iron  or 
steel  (or  an  equivalent  weight  of  puddled  iron  or  steel  in  one 
mass)  are  conveyed  from  the  puddling  furnace  or  furnaces 
to  the  working,  pressing,  or  combining  apparatus,  which 
may  be  variously  constru(5ted  and  arranged,  but  which  I 
prefer  to  be  a  powerful  steam  hammer  so  proportioned, 
arranged,  and  worked  by  high  pressure  steam  that  the 
hammer  can  be  quickly  raised  and  caused  to  descend  rapidly 
by  means  of  the  pressure  of  steam  on  the  upper  side  of  the 
piston.  By  this  means  the  puddled  balls  of  iron  as  they  are 
accumulated  upon  the  anvil  from  the  puddling  furnaces  (or 
an  equivalent  weight  of  puddled  iron  in  one  mass)  are 
direiftly    operated     upon     and    quickly    consolidated    and 
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combined  into  a  mass  by  a  series  of  powerful  and  rapid 
blows,  and  after  a  sufBcient  mass  of  puddled  iron  isaccumu- 
lated  and  dealt  with  in  this  way  is  turned  "upset"  and 
worked  under  the  hammer  on  all  sides  until  it  is  formed  into 
one  homogeneous  "  slab  "  or  "  bloom  "  of  suitable  form  for 
the  subsequent  process ;  and  I  will  here  remark  that  it  is 
advisable  to  employ  a  hammer  10  tons  in  weight  for  dealing 
with  an  accumulated  mass  of  ten  ordinary  puddled  balls  or 
an  equivalent  weight  (say,  iioo  lbs.)  of  puddled  iron  or  steel 
according  to  my  improvements,  and  a  hammer  of  20  tons 
in  weight  should  he  employed  for  dealing  with  an  accumu- 
lated mass  of  twenty  ordinary  puddled  balls,  or  an  equivalent 
weight  of  puddled  iron,  and  so  on  in  proportion." 

In  practice  this  process  differs  in  one  remarkable  parti- 
cular from  others  intended  to  fulfil  the  same  object  in  the 
same  way.  It  has  hitherto  been  the  aim  of  ironmakers 
when  welding  two  or  more  puddled  balls  together  to  bring 
out  the  iron  old  or  well  worked,  and  in  this  fa<5t  lies,  in  all 
probability,  the  failure  of  Mr.  Radcliffe's  predecessors.  The 
bloom,  under  the  hammer,  quickly  assumed  a  condition  ap- 
proaching to  that  of  wrought-iron  ;  the  mass  became  indu- 
rated, the  surface  was  oxidised,  and  great  difficulty  was 
encountered  in  securing  sound  welds.  Mr.  Bramwell's 
criticisms  on  the  process,  already  referred  to  in  our  pages, 
were  justified  by  his  supposition  that  Mr.  Radcliffe's  process 
was  identical  with  the  attempts  of  others  in  this  dire(5lion. 
In  order  to  understand  the  true  theory  of  the  process,  and 
to  comprehend  what  aftually  takes  place,  it  is  absolutely 
necessary  to  see  the  thing  carried  out,  and  it  will  then  be 
perceived  that  with  ordinary  care  it  is  impossible  to  produce 
anything  but  a  homogeneous  mass. 

The  details  of  the  process  as  carried  out  at  Consett  may 
thus  be  described.  Six,  eight,  or  any  required  number  of 
puddling  furnaces  are  each  charged  with  four  cwts.  of  pig- 
iron.  The  fettling  consists  partly  of  pulverised  hasmatite 
ore  from  Ulverstone,  partly  of  a  very  rich  cinder  obtained 
from  the  first  pile-heating  furnaces  in  the  rail  mill,  or  from 
two  furnaces  specially  employed  in  making  cinder  from  small 
scrap.    The  iron  is  brought  to  nature  as  soon  as  possible. 
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and  the  blooms  are  taken  out  while  the  iron  is  yet  very 
young — as  soon,  indeed,  as  the  balls  will  hold  together. 
The  moment  the  iron  is  ready  in  a  sufficient  number  of  fur- 
naces, the  process  of  manufacture  begins.  A  puddler  takes 
a  ball  weighing  about  So  lbs.  to  an  8-ton  double-adting 
steam  hammer.  It  is  placed  on  the  anvil  and  struck,  first 
lightly,  and  then,  as  the  mass  becomes  consolidated,  with 
more  force.  The  cinder  is  expelled  with  considerable  vio- 
lence, and  we  have,  at  the  end  of  twenty  seconds,  a  fiat 
cake  of  iron  on  the  anvil  perfectly  quiescent.  At  this  moment 
a  second  puddled  ball  is  placed  on  the  first.  This  receives, 
first  a  light,  and  then  a  couple  of  heavy  blows.  The  hammer 
is  raised  for  a  few  seconds,  and  then  a  curious  ai5tion  takes 
place.  The  first  and  second  blows  apparently  expelled  most 
of  the  cinder,  and  the  mass,  seemingly,  tolerably  solid,  lies 
quietly  on  the  anvil,  but  in  a  moment  its  surface  rises  like  a 
cake  of  dough  in  a  baker's  oven.  The  surface  seems  to  boil ; 
little  jets  of  flame  sometimes  start  from  the  mass,  and  cinder 
pours  in  a  torrent  from  eveiy  pore,  flowing  over  the  lump  of 
iron,  and  running  down  all  round.  To  what  this  peculiar 
adtion  is  due  we  cannot  say.  That  this,  in  a  sense,  spon- 
taneous evolution  of  cinder  is  a  faft  we  can  testify  from 
close  personal  observation.  A  few  blows  from  the  steam 
hammer  again  consolidate  the  heaving  mass.  Another  ball 
is  placed  on  it ;  a  few  blows  ;  a  short  pause.  The  rising  of 
the  mass  and  the  flow  of  torrents  of  cinder  follow  as  quickly 
as  thought,  and  so  the  process  is  continued  till  eight  balls 
are  united.  Then  steam  is  brought  to  bear  on  the  upper 
side  of  the  hammer  piston.  The  mass  of  iron  is  turned  and 
re-turned,  while  the  whole  shop  resounds  with  the  sound  of 
the  hammer  delivering  blows  with  the  speed  of  lightning  on 
every  portion  of  the  red-hot  mass,  which  finally  assumes 
the  form  of  a  homogeneous  slab  some  3  feet  long,  13  inches 
or  14  inches  wide,  and  8  inches  or  9  inches  thick.  This 
slab  is  then  taken  up  by  a  little  steam  crane  at  the  side  of 
the  hammer,  and,  while  hanging  in  the  air,  weighed.  It  is 
then  run  off  to  a  heating  furnace  preparatory  to  being  rolled 
into  a  finished  plate.  The  heating  furnace  is  of  the  ordinary 
kind,  and  is  only  used  to  restore  the  heat  lost  by  the  outer 
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surface  of  the  masa.  From  the  furnace  it  is  taken  to  the 
roll  mill,  passed  through  the  breaking-down  grain  rolls,  and 
subsequently  between  a  pair  of  chilled  rolls  in  the  same 
train,  and,  finally,  it  lies  on  the  0oor  of  the  shop,  a  plate 
with  whose  appearance  the  most  hypercritical  can  find  no 
fault. 

Mr.  RadclifTe  courts  inquiry,  and  we  were  afforded  the 
fullest  possible  opportunities  for  examining  into  the  process 
known  by  his  name.  We  witnessed  the  formation  of  many 
plates,  and  the  following  particulars  of  the  manufadture  of 
one,  seledted  almost  haphazard  from  our  note-book,  will 
show  nearly  at  a  glance  of  what  the  process  is  capable. 

At  half-past  three  p.m.  the  first  of  eight  puddled  balls  was 
brought  from  the  furnace  and  placed  on  the  anvil.  In  four 
minutes  and  a  half  this  and  seven  other  balls  were  welded 
into  a  slab  weighing  5S4  lbs.  At  twenty-six  minutes  to  four 
o'clock  this  pile  was  placed  in  the  heating  furnace ;  at  nine- 
teen minutes  to  four  o'clock  it  was  taken  out  and  brought 
to  the  rolls  ;  at  fourteen  minutes  to  four  o'clock  it  lay  on  the 
floor  of  the  mill  ready  for  shearing.  Thus  precisely  sixteen 
minutes  were  occupied  in  producing  the  plate  from  the 
puddled  ball.  The  weight  of  the  plate  before  shearii^  was 
574  lbs.  It  was  then  sheared  to  the  finished  size,  20  feet 
by  3  feet;  thickness,  3-i6th  inch  nearly;  weight  sheared, 
448  lbs.  Is  it  necessaiy  to  point  out  here  how  much  is 
gained  in  time,  coal,  iron,  labour,  and,  finally,  in  money,  by  the 
Radcliffe  process  as  compared  with  old  systems  of  manufac- 
ture ?  We  think  that  they  will  be  apparent  at  a  glance  to 
every  ironmaster.  What  we  have  said  in  the  beginning  of 
this  article  should  sufBce  to  make  them  clear  to  others. 

The  question  that  here  obtrudes  itself  is,  what  is  the 
quality  of  the  finished  plate,  bar,  or  rail  ?  Unless  the  answer 
is  satisfadlory,  the  Radcliffe  process — ingenious,  cheap,  and 
rapid  as  it  is — is  comparatively  valueless.  At  Consett  we 
examined  some  scores  of  specimens  of  sheets  tested  in  every 
possible  way.  Plates  fth  inch  thick  bent  cold  to  an  angle 
of  go°,  tninner  plates  bent  up  on  themselves,  coiled  into  a 
helix,  split  and  bent  backwards  and  forwards,  dished  up  into 
troughs,  twisted  and  tortured  in  every  imaginable  fashion 
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punched  close  to  the  edge — as  close  as  holes  would  go — yet 
no  symptoms  of  crack  or  flaw.  We  have  no  hesitation  in 
classing  the  specimens  we  examined  with  the  very  best  ship- 
plates  in  the  market ;  and  yet  these  plates  are  produced  at 
a  price  which  has  enabled  Mr.  Radcliffe  to  take  very  heavy 
orders  from  Dutch  shipbuilders,  beating  Belgium  out  of  the 
market,  and  yet  leaving  a  fair  profit.  We  give  here  a  copy 
of  a  certificate  from  Mr.  Kirkatdy,  referring  to  some  spec!- 
mens  of  plates  tested  as  far  back  as  February,  186S.  It  will 
be  obje<5ted  that  the  extension  of  some  of  the  samples  is 
small.  We  wish  our  readers  to  bear  in  mind  that  the  pig- 
iron  from  which  the  sheets  tested  were  made  cost  just  40s. 
per  ton  ;  they  can  then  draw  their  own  conclusions. 

Results  ov  Experiments  to  Ascertain  the  Tensile  Strenoth,  etc., 
OF  Five  Pieces  op  Iron  Plate,  Edges  Plahbd,  kecrived  rbadv 
FOR  Tbstinq  frou  MESSRS.  Thb  Consett  Iron  CoufANV. 
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as 

David  Kirkaldv. 
Meisn.  The  Consett  Iron  Cohfahy, 

Jasfrr  C.  Maunsbv,  Eu].,  iiS,  CaniKin  Street,  E.G. 

Tbe  Grove,  Soalhwaik  Street,  S.E.,  Mad  Febmaiy,  186S. 

As  further  confirmation  of  the  good  opinion  we  have 
formed  of  the  iron  produced  by  the  Radcliffe  process,  we 
may  add  that  we  have  testimonials  lying  before  us  from  one 
of  the  largest  shipbuilding  firms  in  Newcastle-on-Tyne,  ex- 
pressing the  most  unqualified  approval  of  sheets  manufac- 
tured by  the  Radcliffe  process. 

We  have  said  enough,  we  think,  to  make  our  readers 
familiar  with  the  nature  of  the  new  system  of  manufaifture, 
but  much  remains  to  be  said  as  regards  the  nature  and 
peculiarities  of  the  finished  produ^ion,  which,  in  a  sense, 
deserves  to  rank  as  a  new  material. 
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We  append  a  record  of  some  experiments  made  recently 
by  Mr.  Kirkaldy,  which  speak  for  themselves.  In  one  case 
a  sample,  it  will  be  seen,  stood  32  to&s,  and  stretched  22  per 
cent ;  in  another  the  extreme  was  30  per  cent,  and  the 
breaking  stress27  tons.  These  resultsare  ^most  unparalleled 
and  commend  the  process  to  every  engineer  and  boiler 
maker  in  the  kingdom. 

Rbsults  of  Experiments  to  Ascertain  the  Tensile  Stbekoth,  e-rCn 
OF  Twenty-pour  PiecEa  of  Iron  Plate  Received  from  Mbbsks. 
The  Consett  Iron  Company. 

Origiul.  UltinaU  Strm.  Pnfioic.        Etten- 


Dewriptkn. 
I  plate  IcDgth 


10-37     0719 

iS  ii 


SI.S40  7J.JM1 

31.155  7'.S43  f  7«.039 

31,560  70.98}  I 

43.9W  61.93s  l-63,*« 

4W?0  6l.3JjJ 

0-348        t4,M  31.8*6  f^* 

0163        13,081  36,913 


o-STJl 


'39l 

i68J 


0-14$      iftiSs} 


'i  IS 


S3 


37.?» 
37,873 


16.494     37,873 
11^836      511630' 

The  frafture  of  the  plates  was  fibrous,  light  grey. 
The  above  were  tested  as  received,  and  without  being 
heated  and  annealed.  (Signed)  David  Kirkaldy. 


THE  ELLERSHAUSEN  PHOCESS.* 
The  recent  invention  of  Mr.  Ellershausen,  which  is  now 

regularly  in  use  in  Pittsburgh,  Pa.,  and  is  being  rapidly 

introduced  all  over  the  country,  has  greatly  advanced  the 

solution  of  the  problem  of  the  cheap  iron. 

The  process  consists  in  the  conversion  of  crude  cast-iron, 

as  it  runs  from  the  smelting  furnace,  into  wrought-iron,  by 

•  Chemical  News,  vol.  xix.,  p.  230. 
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the  simple  admixture  of  pulverised  iron  ore.  It  is  carried 
out  at  the  works  of  Messrs.  Shoenberger,  at  Pittsburg,  in 
the  following  manner : — On  the  casting  floor  of  the  smelting 
furnace,  a  cast-iron  turn-table,  about  i8  feet  diameter,  is 
revolved  on  rollers  by  a  small  steam  engine.  Upon  the 
outside  edge  of  the  table  stand  a  row  of  cast-iron  partitions, 
forming  boxes,  say  20  inches  wide  and  10  inches  high,  open 
at  the  top.  Just  above  the  circle  of  boxes  stands  a  stationary, 
wide-mouthed  spout,  terminating  in  the  tap-hole  of  the 
furnace.  When  the  furnace  is  tapped,  the  liquid  iron  runs 
down  this  spout,  and  falls  out  of  it  in  a  thin  stream  into  the 
boxes  as  they  slowly  revolve  under  it,  depositing  in  each  a 
film  of  iron  say  one-eighth  of  an  inch  thick.  But  before  the 
fall  of  melted  iron  reaches  the  boxes  it  is  intercepted,  or 
rather  crossed,  at  right  angles,  by  a  thin  fall  of  pulverised 
iron  ore,  which  also  runs  out  of  a  wide  spout  from  a  reser- 
voir above.  These  two  streams  or  falls  are  of  about  equal 
volume,  say  ^  of  an  inch  deep  and  20  inches  wide.  A  work- 
man, vnth  a  bar  in  the  tap-hole,  regulates  the  stream  of  iron, 
and  the  iron  spout  from  which  the  liquid  metal  falls  into  the 
boxes  is  removable ;  other  spouts,  previously  coated  with 
loam  and  dried,  being  attached  to  a  common  revolving 
frame,  so  as  to  be  ready  for  use  when  the  loam  covering  of 
the  first  becomes  cracked  or  removed. 

The  thin  layers  of  iron  and  ore  soon  chill  and  solidify,  so 
that  by  taking  away  the  outer  partition  of  the  boxes  (which 
form  the  rim  of  the  turn-table)  they  may  be  removed  in  cakes 
of  the  size  of  the  boxes  and  weighing  about  200  lbs.  each. 
Four  of  these  cakes  or  blooms  are  put  into  a  reverberatory 
puddling  or  heating  furnace,  and  raised  to  a  bright  yellow 
heat.  They  will  not  melt  at  this  heat,  but  becomes  softened 
so  as  to  be  easily  broken  up  with  a  bar.  The  four  blooms 
are  formed  in  the  furnace  by  the  "  rabble  "  of  the  workmen, 
as  in  ordinary  puddling  operations,  into  eight  balls.  The 
balls  are  brought  out  one  after  another,  squeezed  in  the 
ordinary  "  squeezers "  to  expel  the  cinder  and  superfluous 
ore,  and  then  rolled  into  wrought-iron  bars,  which  are  now 
ready  for  market,  or  for  further  redudtion  into  smaller 
finished  forms. 
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The  chemistry  of  the  operation  is  as  follows  : — The  crude 
cast-iron  contains,  say,  5  per  cent  of  carbon,  and  2  per  cent 
of  silicon,  and  more  or  less  sulphur,  phosphorus,  and  other 
impurities.  In  the  Bessemer  process  the  oxygen  of  the  air, 
blown  into  the  liquid  iron,  combines  with  this  carbon  and 
these  other  impurities,  and  not  only  removes  them  [?]  but 
leaves  the  pure  iron  in  a  liquid  state,  from  which  it  can  be 
cast  into  homogeneous  masses  of  any  size.  In  the  puddling 
process,  the  oxygen  of  the  air  and  of  the  ore  or  other 
"  fettling  "  put  into  the  furnace  with  the  iron  combines  with 
and  eliminates  the  impurities,  which  are  afterwards  squeezed 
out  of  the  pasty  mass  by  the  squeezers  and  rolls.  This  pro- 
cess is  long  and  comparatively  expensive,  because  the 
mixture  of  oxygen  or  oxygen-bearing  substances  is  not  made 
intimate  with  the  iron  except  by  long  stirring,  which  is  not 
only  skilful  but  exhausting  work. 

In  the  Ellershausen  process  the  oxygen  of  the  ore  of  oxide 
of  iron  (manganesic  oxide  is  preferred)  combines  with  the 
carbon  and  impurities,  eliminating  them  as  in  the  puddling 
process,  and  the  iron  of  the  ore  increases  the  produft.  The 
chemical  combination  of  the  ore  and  the  liquid  crude  iron 
appears  to  take  place  partly  at  the  time  of  their  contadt 
when  falling  and  lying  upon  the  turn-table,  and  partly  where 
the  re-heating  occurs  in  the  furnace.  It  seems  impossible 
that  a  reaftion  which  is  so  violent  in  the  Bessemer  process, 
and  so  prolonged  in  puddling,  should  take  place  so  quickly 
and  quietly  in  the  new  process,  but  the  fadl  that  the  cakes 
of  iron  and  ore  do  not  melt  by  subsequent  heating,  as  cast- 
iron  would,  proves  that  its  nature  is  changed  by  the  first 
conta(5t  of  the  ore.  The  removal  of  sulphur  and  of  phos- 
phorus also  seems  more  thorough  than  in  the  other  processes. 
Analyses  at  different  stages  of  the  operation  will  throw  more 
light  on  this  question. 

The  remarkable  feature  of  the  Ellershausen  process  is  that 
absolutely  no  skill  is  required  to  carry  it  out.  The  propor- 
tion of  ore  mixed  is  intended  to  be  about  30  per  cent,  but  if 
too  much  is  added,  it  is  readily  squeezed  out  with  the  slag, 
and  seems  to  do  no  harm.  The  subsequent  heating  occupies 
about  half  an  hour.     "  Puddle-bar,"  the  produft  obtained 


,;  Google 


THE   ELLERSHAUSEN   PROCESS.  705 

from  the  first  rolling  of  the  produdt  of  the  puddling  furnace, 
is  never  marketable  or  finished  iron.  It  is  usually  very 
ragged  and  unsound,  and  requires  subsequent  piling,  re- 
heating, and  re-rolling,  to  expel  the  impurities,  and  to  give 
it  soundness  and  solidity.  The  new  process  appears  to  pro- 
duce merchantable  iron  at  the  first  rolling,  and  at  Pittsburg, 
from  a  very  inferior  pig-iron  made  of  one  half  sulphurous 
Canada  ores,  and  one  quarter  Lake  Superior  and  one  quarter 
Iron  Mountain  ores. 

The  thoroughness  and  rapidity  of  the  purification  by  this 
process  evidently  depend  on  the  intimacy  of  the  mixture  of 
iron  and  ore.  This  intimate  mixture  is  also  the  essence  of 
the  Bessemer  process.  In  fadl,  to  Mr.  Eessemer's  original 
apprehension  of  this  idea  of  intimate  mechanical  mixture  the 
greatest  modem  improvements  in  the  iron  mauufaifture  are 
due. 

The  Ellershausen  process  is  said  to  decrease  the  cost  of 
wrought-iron  from  10  dollars  to  ao  or  30  dollars  per  ton,  ac- 
cording to  the  materials  used  and  the  form  of  the  produift 
required.  That  it  is  a  success  is  amply  proved  by  regular 
working  at  Pittsburg  and  many  experiments  elsewhere. 

The  Sharon,  Pa.,  Herald,  of  the  28th  ult.,  contains  the 
following  account  of  a  test  of  the  Ellershausen  process  for 
puddling  iron.* 

This  new  process  of  manufai5luring  iron  diredlly  from  the 
ore  was  tested  yesterday,  with  success,  at  furnace  No.  i,  of 
the  Westerman  Iron  Company,  The  process  consists  in  the 
conversion  of  crude  metal,  as  it  runs  from  the  furnace,  into 
wrought-iron.  At  the  furnace  of  the  Westerman  Iron  Com- 
pany, preparations  for  trying  this  new  process  were  made 
by  excavating  the  floor  of  one  side  of  the  casting  house  to 
the  depth  of  3  feet  and  about  ao  feet  wide  by  30  feet  long. 
Upon  the  floor  of  this  excavation  were  placed  a  cast-iron 
tum-table  and  an  engine  of  thirty  horse-power ;  the  latter 
for  turning  the  table  and  for  hoisting  the  pulverised  ore, 
which  is  mixed  with  the  metal,  in  a  reservoir  over  the  tum- 
table.     Upon  the  rim  of  the  table  is  a  row  of  cast-iron  boxes. 
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about  10  inches  wide,  20  inches  long,  and  I2  inches  deep, 
with  the  sides  and  outside  end  movable,  the  latter  held  in 
place  by  clamps.  Directly  over  the  boxes  is  a  wide^mouthed 
spout,  and  over  that,  one  end  of  the  runner,  the  other 
terminating  at  the  notch  in  the  furnace.  Boxes,  spout,  and 
runner  are  all  well  covered  with  loam,  and  dried  before 
using.  When  the  furnace  is  tapped,  the  liquid  metal  follows 
the  runner  to  the  end,  falls  into  the  wide  spout,  and  thence 
in  a  broad,  shallow  stream  into  the  boxes  below ;  the  latter 
having  their  bottoms  covered  with  J  an  inch  of  pulverised 
Champlain  ore,  and  being  slowly  revolved  by  the  engine. 
As  soon  as  the  boxes  pass  from  under  the  spout  by  which 
the  metal  is  let  into  them,  the  metal  in  them  is  covered  with 
a  thin  covering  of  pulverised  iron  ore,  which  runs  in  a  thin 
stream  through  a  broad  spout  leading  from  the  reservoir 
before  spoken  of.  In  the  casting  which  we  witnessed  yester- 
day evening,  about  5  tons  were  run  into  the  boxes,  and  the 
table  revolved  nine  or  ten  times.  As  the  layers  of  metal  and 
ore  are  necessarily  thin,  from  passing  alternately  under  the 
spouts  mentioned  above,  they  soon  chill,  and  then  are  easily 
removed  by  taking  off  the  clamps  holding  the  ends  in  place, 
and  then  removing  the  ends.  These  cakes — the  size  of  the 
boxes — weigh  from  150  to  250  lbs.  each,  and  are  about  as 
easily  handled  as  the  ordinary  pigs  cast  in  chills. 

We  understand  that  the  necessary  machinery  and  changes 
for  manufadturing  iron  by  this  new  process  cost  the  company 
about  7000  dollars,  and  that,  as  soon  as  practicable,  the  same 
process  will  be  applied  to  furnace  No.  z.  The  advantages 
claimed  by  this  process  are  that,  no  matter  what  kind  of 
metal  the  furnace  produces,  the  mixing  of  ore  with  it  makes 
it  good  iron ;  that,  as  it  is  made  into  iron  when  casting,  it 
needs  no  puddling;  and,  that  it  produces  much  better  iron 
than  the  old  way.  It  has  been  calculated  by  some  that  the 
same  amount  of  ore,  coal,  labour,  &c.,  will  produce  30  per 
cent  more  iron  and  of  a  better  quality  than  the  old  way. 
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BLAST  FURNACE  ECONOMY.* 
At  the  meeting  of  the  Institution  of  Mechanical  Engineers, 
held  on  the  2Sth  of  January  last,  during  the  discussion  which 
took  place  on  Mr.  Cochrane's  paper  on  the  utilisation  of 
waste  gases  from  blast  furnaces,  attention  was  especially 
direfled  to  the  differences  which  exist  between  the  quantities 
of  fuel  ai^tually  consumed  in  blast  furnaces  per  ton  of  iron 
produced  and  the  amounts  which  would  be  theoretically 
required ;  and  the  subject  is  altogether  one  of  such  impor- 
tance as  to  deserve  especial  consideration.  And  here  we 
may  remark  that  it  is  quite  impossible,  in  the  present  state 
of  our  metallurgical  knowledge,  to  say  precisely  how  much 
fuel  is  absolutely  wasted  in  any  given  blast  furnace.  The 
quantities  of  fuel,  ore,  and  fluxes  introduced  in  any  given 
time,  and  their  analyses,  may  be  accurately  known  to  us  ; 
but  our  information  concerning  the  quantities  of  heat  ren- 
dered latent  in  destroying  certain  chemical  combinations, 
the  heat  absorbed  in  liquefying  the  slag  and  the  iron  itself ; 
the  specific  heat  of  the  liquid  slag  and  iron,  and  other 
matters,  is  far  from  being  so  reliable  as  we  could  wish,  and, 
consequently,  as  we  have  said,  a  thoroughly  accurate  esti- 
mate of  the  fuel  required  in  any  given  instance  cannot  at 
present  be  given.  Notwithstanding  this,  however,  we  have 
suiBcient  data  at  our  disposal  to  show  that  the  amount  of 
fuel  adtually  used  is  greater  than  it  should  be,  and  it  may 
be  interesting  if  we  consider  this  matter  more  closely.  For 
this  purpose  it  will  be  convenient  if  we  take,  as  an  example, 
a  furnace  worked  with  certain  definite  charges  of  ore  and 
fuel,  and  show  how  the  proportions  between  those  chaises 
agree  with  those  which  would  be  theoretically  required. 

Let  us,  for  instance,  consider  a  furnace  in  which  the 
charges  consist  of  26  cwts.  of  coke,  50  cwts.  of  ironstone, 
and  10  cwts.  of  limestone  per  ton  of  iron  run  ;  the  ironstone 
containing  40  per  cent  of  iron  in  the  state  of  peroxide.  We 
have  chosen  these  proportions  because  they  will  enable  us 
to  readily  compare  our  calculations  with  those  of  Mr.  I. 
Lowthian  Bell  and  Mr.  Siemens,  given  in  the  course  of  the 
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discussion  to  which  we  have  already  referred,  and  which 
were  founded  on  similar  data.  In  the  first  place,  the  coke 
used  in  the  Cleveland  distridl  contains  from  5  to  10  per  cent 
of  ash  and  moisture,  and  if  we  assume  that  our  particular 
sample  contains  7J  per  cent  of  these  matters,  we  shall 
have  to  make  a  deduiftion  of  x^  cwts.  from  the  quantity 
available  as  fuel.  A  further  dedu^ion  of  about  i  cwt.  will 
have  to  be  made  for  the  carbon  which  combines  with  the 
iron,  leaving,  finally,  23J  cwts.  of  carbon  to  be  accounted  for. 
Peroxide  of  iron,  (FejOj),  consists  of  56  parts  by  weight  of 
iron  combined  with  24  of  oxygen,  and  the  50  cwts.  of  iron- 
stone charged  per  ton  of  iron  made  contain,  therefore, 
20  cwts.  of  iron,  8-57  cwts.  of  oxygen,  and  2i"43  cwts.  of 
other  materials,  principally  silica.  The  decomposition  of 
the  peroxide  is  effeifled  by  its  oxygen  being  taken  up  by  the 
carbonic  oxide  gas  produced  by  the  imperfeiS  combustion  of 
the  coke,  this  carbonic  oxide  being  thus  converted  into  car- 
bonic acid.  The  amount  of  carbonic  oxide  required  to  de- 
compose the  given  quantity  of  peroxide  of  iron  is  readily 
calculated.  Carbonic  oxide  consisting  of  6  parts  by  weight 
of  carbon  combined  with  8  parts  of  oxygen,  and  carbonic 
acid  consisting  of  6  parts  of  carbon  and  16  of  oxygen,  it 
follows  that  to  take  up  the  8*57  cwts.  of  oxygen  from  the 
peroxide  of  iron,  15  cwts.  of  carbonic  oxide  (composed  of 
6*43  cwts.  of  carbon  and  8"57  cwts.  of  oxygen)  will  be  neces* 
sary.  This  disposes  of  6*43  cwts,  out  of  the  23J  cwts.  of 
carbon.  But  in  converting  the  oxygen  of  the  peroxide  from 
the  solid  to  the  gaseous  form  there  is  a  great  absorption  of 
heat,  and  to  supply  this  heat  a  consumption  of  fuel  has  to 
take  place.  It  appears  from  the  researches  of  Ebelmen  and 
Schinz  that  the  quantity  of  heat  rendered  latent  during  the 
decomposition  of  the  peroxide  of  iron  amounts  to  718  units 
for  each  pound  of  oxide  decomposed,  and  as  in  our  example 
the  quantity  of  peroxide  is  28*57  cwts.,  the  heat  absorbed 
would  be  28*57  X  112x718  =  229,748,512  units.  We  must 
next  consider  the  quantity  of  fuel  required  to  supply  this 
amount  of  heat. 

If  the  whole  of  the  carbon  consumed  in  a  blast  furnace 
was  converted  into  carbonic  acid,  each  pound  of  it  would 


,;  Google 


BLAST   FURNACE   ECONOMY.  709 

develope  about  14,000  units  of  heat ;  but,  as  a  faift,  it  appears 
probable  that,  as  estimated  by  Mr,  Siemens,  not  more  than 
one-fifth  is  thus  converted,  the  remaining  four-fifths  assuming 
the  form  of  carbonic  oxide.  As  carbon,  when  burnt  into  car- 
bonic oxide,  only  produces  about  4000  units  of  heat,  we  thus 
have,  as  the  average  quantity  of  heat  produced  by  each  pound 
of  carbon  consumed  in  the  furnace  {i-5th  x  14,000)  +  (4-5th8 
-|-40oo)  =  6ooo  units,  and  this  we  believe  is  a  fair  estimate. 
From  these  data  we  get  ^^^^  =  3' 4^8,  or,  say,  3*42  cwts. 
as  the  quantity  of  fuel  required  to  supply  the  heat  rendered 
latent  during  the  decomposition  of  the  peroxide  of  iron.  We 
have  next  to  consider  the  amount  of  heat  rendered  latent 
during  the  decomposition  of  the  limestone ;  and,  according 
to  the  experiments  of  Schinz,  this  amounts  to  355  units  for 
each  pound  of  carbonate  of  lime  decomposed.  In  our  case, 
therefore,  the  quantity  will  be  10  x  112  x  355=397>6oo  units 
corresponding  to  the  consumption  of  5^^7777  =  0'59i.  or,  say, 
o*6  cwt.  of  fuel. 

At  the  time  that  the  iron  and  slag  are  discharged  from  a 
blast  furnace  they  have  a  temperature  which  may  be  fairly 
assumed  as  about  2400  degrees  higher  than  that  of  the 
materials  at  the  time  of  charging,  and  we  have  now  to  con- 
sider the  amount  of  heat  necessary  to  liquefy  them  and  give 
them  this  high  temperature.  The  amount  of  heat  rendered 
latent  during  the  liquefaction  of  a  pound  of  cast-iron  has 
been  given  by  Clement  as  233  units,  and  by  Schinz  as  varying 
in  different  samples  from  250  to  315  units.  If  we  assume 
250  units  as  the  amount  in  the  present  case,  we  shall  have 
250X20X  112  =  560,000  units  as  the  amount  rendered  latent 
during  the  liquefaftion  of  the  ton  of  iron.  Again,  the  specific 
heat  of  cast-iron  in  the  solid  state  is  0*13,  and  in  the  liquid 
state  about  o*i6 ;  and  we  shall,  therefore,  have  20  x  112  x 
o"i3  X2000  =  582,400  units  of  heat  absorbed  in  raising  the 
ton  of  iron  to  the  melting  point,  and  20x  iia  xo'i6x40o 
=  i43>36o  units  imparted  to  it  after  it  is  melted.  Adding 
these  quantities  together,  we  get  560,000  +  582,400  + 143,360 
=  1,285,760  units,  thus  corresponding  to  the  consumption  of 
^^  =  i-gi  cwts.  of  fuel. 
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As  to  the  quantity  of  heat  rendered  latent  during  the 
ltquefa£lion  of  the  slag,  some  little  uncertainty  exists,  and 
it,  moreover,  no  doubt  varies  in  slags  of  different  composi- 
tions. The  researches  of  various  continental  experimenters, 
however,  tend  to  show  that  lio  units  per  pound  of  slag 
melted  may  be  taken  as  a  fair  estimate  in  ordinary  cases. 
With  the  charges  mentioned  in  our  example,  the  quantity 
of  slag  produced  would  be  about  29^  or  30  cwts.  per  ton  of 
iron  made,  and  taking  the  latter  quantity,  we  should  have 
30x112x110  =  369,600  units.  The  specific  heat  of  slag, 
like  that  of  iron,  varies  according  to  whether  the  material  is 
in  the  solid  or  liquid  form ;  but  we  may,  without  any  serious 
error,  assume  it  as  being  o'z  throughout.  The  quantity  of 
heat  required  to  raise  the  temperature  of  the  materials 
forming  the  slag  about  2400°  will  thus  be  24.00  x  30  x  112  x 
o'2  =  1,612,800  units;  and  adding  to  this  the  369,600  units 
absorbed  during  liquefaction,  we  get  1,982,400  units  as  the 
total  heat  imparted  to  the  slag,  this  corresponding  to  the 
consumption  of  ^^'^  =  2'94,  or,  say,  3  cwts.  of  fuel. 

Summarising  the  results  above  obtained,  we  get  the  fol- 
lowing statement  of  the  manner  in  which  the  26  cwts.  of 
fuel  is  disposed  of  : — 

Cwts. 

Ashes  and  moisture  in  fuel 1*50 

Carburisation  of  the  melted  iron   ....      I'oo 
Carbon  for  combining  with  oxygen  in  ore   .      6*43 

Fuel  for  melting  iron 1*91 

„  .,         slag 3-00 

„  to  supply  heat  rendered  latent  during 

decomposition  of  ironstone  .     .     .       3*42 
,,  ditto  during  decomposition  of  limestone      o'to 

17-86 
Not  accounted  for  above 8T4 

Total a6'00 

In  the  above  summary  we  have  taken  no  account  of  the 
heat  carried  off  by  the  waste  gases  escaping  at  the  mouth  of 
the  furnace,  for  we  quite  agree  with  Mr.  Siemens  in  con- 
sidering  that  this  amount  is  more  than  balanced  by  the  heat 
introduced  into  the  furnace  by  the  hot  blast,  supposing  the 
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latter  to  be  heated  to,  say,  1000°.  A  simple  calcalation  will 
prove  this.  We  have  shovm  that  of  the  26  cwts.  of  coke 
23J  cwts.  would  be  aftually  consumed  as  fuel  (for  the 
amount  which  unites  with  the  oxygen  of  the  ore  is  really 
consumed),  and  of  this  quantity  we  have  assumed  one-fifth 
or  4*7  cwts.  to  be  converted  into  carbonic  acid,  and  the  re- 
mainder, or  i8"8  cwts.  into  carbonic  oxide.  The  4*7  cwts. 
converted  into  carbonic  acid,  would  require  ^^  =  12*63  cwts. 
of  oxygen  for  their  conversion,  whilst  the  remaining  i8-8 
cwts.  would  combine  with  ^^|^  =  25"o6  cwts.  of  oxygen  in 
forming  carbonic  oxide.  The  total  quantity  of  oxygen  re- 
quired for  chemical  combination  alone  would  thus  be 
i2'63  +  23"o6  =  37'69  cwts.,  and  of  this  quantity  8'57  cwts. 
would  be  supplied  by  the  iron  ore,  leaving  29*12,  or,  say, 
29  cwts.  to  be  provided  by  the  blast.  Taking  the  air  as 
being  composed  of  22  per  cent  by  weight  of  oxygen,  77  per 
cent  of  nitrogen,  and  i  per  cent  of  moisture,  carbonic  acid, 
&c.,  we  have  '-^^^  =  131*7,  or,  say,  132  cwts.  of  blast 
as  the  amount  necessary  to  furnish  the  above  supply  of 
oxygen.  The  specific  heat  of  air  being  o"238,  this  quantity 
of  blast,  if  heated  looo"  above  the  ordinary  atmospheric  tem- 
perature, will  thus  introduce  into  the  furnace  1000  x  0*238  X 
132x112  =  3,518,592  units  of  heat. 

On  the  other  hand,  the  gases  escaping  from  the  mouth  of 
the  furnace  consist  of  4*4  cwts.  of  carbonic  acid  derived  from 
the  limestone,  8*57  cwts.  of  oxygen  from  the  peroxide  of  iron, 
132  cwts.  of  oxygen,  nitrogen,  &c.,  from  the  blast,  and 
23'5  cwts.  of  carbon,  combined  with  the  oxygen  of  the  air 
and  that  from  the  peroxide  of  iron,  in  the  form  of  carbonic 
acid  and  carbonic  oxide.  The  total  weight  of  the  gases  will 
thus  be  4*4-f8*57+i32  +  22*5  =  l68*47,  or,  say,  ibSJ  cwts. 
Taking  the  specific  heat  of  these  mixed  gases  to  be  0*24, 
and  their  temperature  to  be  600°,  we  shall  thus  have 
169*5  X  112  xo"24x6oo  =  2,7i7,568  units  of  heat  carried  off 
by  them,  this  quantity  being  3,518,592  —  2,717,568  =  801,024 
units  less  than  is  introduced  by  the  blast.  To  some  extent 
this  overplus  would  no  doubt  be  reduced  by  the  heat  carried 
off  by  radiation  from  the  pipes    by  the  water  circulating 
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through  the  tuyeres,  &c.,  but  we  think  there  can  be  little 
doubt  that  the  heat  introduced  by  the  hot  blast  will  fully 
compensate  for  that  carried  off  by  the  waste  gases. 

It  may  be  interesting  if  we  compare  our  calculations  as 
to  the  disposal  of  the  fuel  above  given  with  the  estimates 
given  by  Mr.  I.  Lowthian  Bell  and  Mr.  Siemens  on  the 
occasion  of  the  discussion  to  which  we  have  already  referred. 
Mr.  Bell's  estimate  was  as  follows  : — 

CwU. 

Carbonisation  of  the  melted  iron   ....  I'OO 
Melting  the  iron,  and  keeping  it  melted  on 

the  hearth 270 

Ditto  as  regards  the  cinder 4*50 

Heat  carried  ofT  by  the  escaping  gases   .     .  6*36 
Heatrenderedlatent,includingthe6'43cwts. 
of  carbon  combining  with  the  oxygen  in 

the  ore,  say,  altogether g'oo 

Total 23-56 

It  will  be  noticed  that  in  the  above  estimate,  although 
Mr.  Bell  allows  6-36  cwts,  as  the  equivalent  of  fuel  carried 
off  by  the  waste  gases,  he  makes  no  allowance  for  the  heat 
introduced  by  the  blast.  Assuming,  as  we  have  done,  that 
these  two  quantities  balance  each  other,  and  dedu^ngfrom 
Mr.  Bell's  estimate  the  6"36  cwts.  just  mentioned,  we  get, 
as  a  remainder,  17*2  cwts.,  a  quantity  closely  agreeing  with 
that  shown  by  our  own  calculations.  Mr.  Siemens's  esti- 
mate, which  also  agrees  closely  with  our  own,  was  as 
follows ; — 

Cwti. 

Melting  the  iron l-6o 

Melting  the  cinder 4"i3 

Heat  rendered  latent  by  reduction  of  ore     .     i'lg 
Carbon  for  combining  with  oxygen  in  ore 
and  for  carbonising  pig  metal    ....     7*43 

16"35 

Ashes  and  water  in  coke,  10  per  cent     ....    1*63 
Calcining  the  limestone,  &c.,  to  per  cent    .    .    .    1*63 

Total  quantity  of  coke  required    ....  ig'bi 
Of  the  8*14  cwts.  of  coke  per  ton  of  iron,  given  in  our  own 
estimate  as  unaccounted  forbytbeusefulworkdone,  a  portion 
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is  no  doubt  expended  in  supplying  the  heat  lost  by  radiation 
from  the  furnace,  but  we  have  no  reliable  data  which  will 
enable  us  to  estimate  what  the  amount  of  this  loss  will  be. 
There  is,  however,  little  cause  for  supposing  that  it  is  suffi- 
cient to  account  for  the  heat  generated  by  the  combustion 
of  about  one-third  of  the  total  quantity  of  fuel,  and  there 
must  therefore  be  some  other  sources  of  waste  not  suffi- 
ciently recognised,  but  which  it  is  desirable  should  be  sought 
after,  and,  if  possible,  avoided. 


IRON  AND  STEEL.* 
J.A.JoNES,Middlesborough.— Patent  dated  Februarys,  1868. 

This  invention  relates  to  certain  improvements  in  the  pro- 
dut^ion  of  iron  and  steel  from  cast-  or  pig-iron,  and  consists 
in  melting  cast-  or  pig-iron  in  a  reverberatory  or  other 
melting  furnace,  and,  after  fusion,  agitating  the  same,  and 
then  having  by  preference  lowered  the  damper  of  the  furnace, 
adding  to  the  melted  metal  a  flux  consisting  of  oxide  of  man- 
ganese, common  salt,  sal-ammoniac,  or  any  of  them  together 
with  spiegeleisen.  After  agitation,  and  when  the  ingredients 
before-mentioned  shall  have  been  incorporated  with  the 
molten  metal,  the  damper  is  to  be  raised,  and  the  charge  or 
contents  of  the  furnace  are  again  rendered  fluid,  so  as  to 
enable  the  separation  of  the  cinder  or  slag  from  the  re- 
sulting metal  to  be  effeifled.  The  cinder  is  then  tapped  and 
run  off,  and  the  crude  iron  or  metal  is  removed  from  the 
furnace  and  melted  into  steel,  either  on  the  open  hearth  of 
a  furnace  or  in  a  crucible.  The  puddling  furnace  preferred 
to  be  employed  may  be  simitar  to  those  at  present  in  use,  or 
it  may  be  specially  constructed  so  as  to  produce  a  larger 
quantity  of  material,  or  it  may  be  construt^ed  of  such  other 
form  as  may  be  well  adapted  for  the  successful  carrying  out 
of  my  improved  process. 

It  is  preferred  to  fettle  the  sides  and  bridge  of  the  furnace 
with  oxides  of  iron,  such  as  haematite  ore,  Swedish  ironstone. 


*  The  Fnaical  Mechanic'!  Journal,  Nov.  i,  186S. 
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or  mill  tap  cinder,  which  materially  assist  in  effe(H:ing  the 
cleansing  of  the  iron  from  certain  impurities,  such,  for  ex- 
ample, as  sulphur  and  phosphorus,  which  impurities,  as  is 
well  known,  are  injurious  to  the  quality  of  iron  or  steel  to 
he  produced.  Slag,  and  hy  preference  that  known  as  ham- 
mer  slag,  is  placed  among  the  pig-  or  cast-iron  in  order,  when 
melted,  to  form  a  bath  in  which  the  iron  may  be  washed. 
This  is  not  absolutely  necessary,  but  it  materially  assists  in 
effecting  the  purification  of  the  iron.  The  pig-  or  cast-iron, 
together  with  the  stag,  is  placed  in  a  furnace  and  is  therein 
melted,  and  after  having  been  well  puddled,  agitated,  or 
stirred,  the  damper  of  the  furnace  is  closed ;  or,  in  place  of 
the  pig-  or  cast-iron  being  melted  in  the  puddling  or  operating 
furnace,  it  may  be  melted  in  a  cupola,  or  air,  or  other  fur- 
nace, and  thence  run  into  the  puddling  furnace  to  be 
operated  upon,  thus  saving  time  and  fuel.  When  the 
damper  has  been  lowered,  as  before  described,  to  the  mass  is 
added,  in  either  case,  a  mixture  comprised  of  the  following 
ingredients :  viz.,  oxide  of  manganese,  common  salt,  sal- 
ammoniac,  spiegeleisen,  and  ground  charcoal. 

The  proportions  which  have  been  found  to  give  good 
results  are,  to  a  charge  of  4J  cwts.  of  pig-  or  cast-iron,  about — ■ 

i^  lbs.  of  manganese. 
4    „     „  common  salt. 
i  lb.  of  sal-ammoniac. 
J  cwt.  of  spiegeleisen. 
j-  lb.  of  charcoal. 

In  addition  to  these,  iron  ore,  such  as  haematite,  may  be 
added,  either  in  lumps,  or  ground  small  or  fine.  About 
50  lbs.  to  the  chaise  of  4^  cwts.  of  pig-  or  cast-iron  is  found 
advantageous.  These  proportions  may  be  varied,  and  any 
of  the  ingredients  maybe  omitted  if  desired.  The  molten  iron, 
togetherwith  the  flux  or  fluxes  which  have  been  added  thereto, 
is  now  agitated,  stirred,or  again  puddled,  afterwhich  operation 
the  damper  may  be  raised  and  more  heat  applied,  until  the 
cinder  becomes  more  liquid,  and  the  grains  of  crude  iron 
have  aggregated  and  have  settled  to  the  bottom  of  the  fur- 
nace. The  cinder  or  slag  may  then  be  tapped  off  from  the 
crude  iron  or  metal,  and  the  latter  may  be  removed  from  the 
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furnace  and  may  be  plunged  hot  into  water.  Previous  to 
the  crude  iron  being  plunged  into  water,  it  may  be  pressed, 
tilted,  or  hammered,  so  that  a  portion  of  its  cinder  may  be 
removed.  It  may  sometimes  not  be  absolutely  necessary  to 
flux  all  kinds  of  pigs  or  cast'iron  as  described,  nor  to  line  or 
fettle  the  furnace  with  oxides  of  iron,  but  such  a  flux  or 
fluxes  as  described,  together  with  oxides  of  iron,  tend  to 
purify  the  iron  or  metal,  and  to  render  it  more  suitable  for 
subsequent  melting  into  steel.  The  crude  iron  or  metal  re- 
sulting, as  before  described,  having  been  removed  from  the 
operating  furnace,  and,  if  required,  submitted  to  pressure  or 
hammered,  so  as  to  remove  a  portion  of  its  cinder,  and  then 
plunged  into  water,  is  now  to  be  gradually  heated  to  a  red 
or  white  heat,  and  placed  by  degrees  in  the  open  hearth  of 
a  steel-melting  furnace,  such,  for  example,  as  Siemens's 
furnace,  as  at  present  constructed  for  melting  steel  on  the 
open  hearth,  or  on  the  hearth,  or  in  crucibles  placed  in  other 
furnace  or  furnaces  capable  of  melting  the  same  into  steel. 

A  small  quantity  of  cinder  is  placed  on  the  hearth  of  the 
steel-melting  furnace,  which  may  be  made  from  sand,  lime, 
and  salt  melted  together,  or  blast-furnace  slag  may  be  used. 
This  will  aft  as  a  proteftive  covering  to  the  iron  or  steel,  as 
well  as  forming  a  bath  into  which  the  first  few  loads  or 
charges  of  the  crude  iron  or  metal  is  placed,  or  the  bath  may 
be  composed  of  cast-iron  alone,  or  in  conjunction  with  the 
slag  or  cinder.  This  cinder,  or  a  portion  of  it,  may,  as  the 
charging  of  the  furnace  continues,  be  allowed  to  run  off  the 
steel,  or  if  there  be  so  much  as  to  incommode  the  working 
of  the  furnace,  it  may  be  tapped  away. 

When  the  crude  iron  or  metal  is  melted,  the  quality  and 
temper  of  the  produdt  can  be  ascertained  by  taking  out  a 
portion  from  time  to  time  and  testing  it  by  smithing,  or 
otherwise,  as  is  well  understood.  If  the  steel  be  found  too 
soft,  cast-iron  may  be  added  to  harden  it,  and  if  too  hard,  it 
may  remain  for  a  longer  time  in  the  furnace,  or  wrought-iron 
or  scrap  may  be  added.  The  crude  iron  or  metal  may  be 
made  to  contain  variable  proportions  of  carbon,  but  it  is  pre- 
ferred to  work  it  in  the  first  operating  furnace,  so  that  it 
may  contain  about  i  per  cent.    With  this  percentage  of 
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carbon  in  it,  it  will  not,  under  the  influence  of  the  ordinary 
t  emperature  of  puddling  furnace,  remain  in  a  liquid  state,  but 
will  settle  to  the  bottom  of  the  furnace  in  the  form  of  a  pasty  and 
porous  mass.  In  this  state  it  would  be  unfit  for  being  balled 
or  hammered  into  wrought-iron,  on  account  of  its  not  having 
"  come  to  nature,"  but  it  is  suitable  for  being  melted  into  steel. 
As  each  load  or  charge  of  the  crude  iron  or  metal  is  added 
to  the  charge  in  the  steel  furnace,  it  will  convey  carbon  to 
the  mass  about  sufficient  to  compensate  for  the  elimination 
of  carbon  which  more  or  less  results  from  open  .hearth 
melting ;  and  when  the  furnace  is  charged,  and  it  has  been 
ascertained  that  the  steel  is  fully  melted,  at  the  latter  end  of 
the  process  is  added  a  small  quantity  of  spiegeleisen,  orferro- 
manganese,  in  quantities  not  exceeding  5  per  cent  of  the 
melted  steel.  A  flux  maybe  used  in  the  steel  melting  hearth, 
such  as  oxide  of  manganese,  lime,  and  salt,  and  alloys  may 
be  added,  such  as  those  of  titanium  or  wolfram.  The  melted 
steel  when  ready  is  tapped  out  diredt  into  ingot  moulds,  or 
into  an  intermediate  receptacle,  and  thence  into  ingot  moulds. 
The  moulds  may  be  fixed  on  a  carriage,  which  is  pulled  up 
to  the  tapping  hole  by  means  of  gearing.  In  the  interval  a 
plug  of  clay  or  iron  may  be  placed  in  the  tapping  hole.  The 
hereinbefore  described  process  is  adapted  for  the  treatment 
of  various  qualities  of  cast-iron  or  pig-iron,  but  more  par- 
ticularly to  that  class  which  contains  elements  such  as 
sulphur  and  phosphorus,  and  unless  their  entire  or  partial 
removal  is  efTedled,  the  quality  of  the  steel  produced  will  be 
materially  impaired.  In  carrying  out  this  process  it  is  pre- 
ferred that  the  crude  iron  or  metal,  previous  to  its  being 
placed  on  the  melting  hearth,  should  be  heated  in  a 
chamber,  by  preference  one  connetfted  with  the  steel  furnace. 
The  hearth  of  the  steel  furnace  may  be  lined  with  a  material 
suitable  for  withstanding  the  high  temperature,  such  as 
sand,  or  with  best  qualities  of  fire-clay  or  brick,  or  other 
refraiftory  materials. 

Charles  Attwood,  Walsingham. — Patent  dated  loth 

March,  1868. 
This  invention  of  an  improved  method  or  methods  of 
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making  cast-steel,  and  of  making  iron  of  a  steely  charafter, 
which  is  called  steel-iron,  as  being  a  kind  of  iron  approxi- 
mate to  steel,  consists  as  follows : — The  material  employed 
may  consist  of  such  metal,  whether  in  the  state  of  iron  or  in 
that  of  steel  whilst  still  in  the  melted  state,  as  may  have 
been  previously  brought  out  of  the  state  of  non-malleable  or 
crude  cast-iron  into  such  a  degree  of  decarburisation  as  to  have 
become  malleable,  by  the  means  of  blowing  through  it  or 
into  it  whilst  in  a  melted  state  a  blast  or  current  of  atmo- 
spheric air,  according  to  the  process  welt  known  to  metal- 
lurgists by  the  designation  of  the  "  Bessemer  process ;"  or 
which  may  have  been  brought  into  such  a  condition  by  any 
other  means  of  applying  either  atmospheric  air  or  other 
substances  containing  oxygen  to  such  crude  metal  in  the 
melted  state,  either  beneath  the  surface  or  otherwise ;  and 
crude  cast-iron  or  non-malleable  iron,  either  in  8  melted  or 
in  a  heated  state,  or  otherwise  if  in  any  case  more  con- 
venient, in  either  a  heated  or  in  a  cold  state — which  in- 
gredients are' mixed  together  in  the  hollow  or  excavated 
hearth  or  bottom  of  a  suitable  reverberating  furnace,  in  such 
manner  or  manners  as  hereinafter  described,  and  in  such 
proportions  asunder  a  very  high  and  sufficiently  continued 
heat  may  bring  the  whole  mass,  while  in  a  state  of  fusion, 
to  the  proper  chemical  or  metallurgical  condition  or  quality 
of  such  descriptions  of  hard  or  soft  steel,  or  of  steel-iron  (or 
steely-iron)  respedliveiy,  as  it  may  be  intended  to  produce ; 
after  which  the  furnace  is  tapped,  and  the  metal  drawn  off 
either  diredlly  into  ingots  or  other  moulds,  or  indiredlly  by 
tapping  it  previously  into  ladles,  as  may  be  found  in  any  case 
more  convenient. 

As  regards  the  kind  of  reverberating  furnace  to  be  thus 
employed,  it  is  found  that  though  a  furnace  similar  to  the 
common  iron-founder's  reverberating  furnace,  heated  by 
coals  burning  upon  the  usual  kind  of  grate,  is  capable  of 
giving  sufficient  heat  to  so  liquefy  or  hold  in  liquefa(ftion  the 
said  mixture;  yet,  inasmuch  as  the  obtaining  and  maintaining 
a  higher  and  more  uniform  temperature,  and  by  means  of  a 
flame  more  free  from  ashes  and  from  sulphur  than  from  such 
furnaces  and  grates  can  be  obtained,  and  also  insomuch  as 
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no  considerably  greater  quantity  of  oxygen  should  pass  into 
or  through  the  melting  chamber  thaa  may  be  readily  for  the 
most  part  absorbed  or  consumed  by  the  carbonaceous  or 
other  gases  of  the  furnace,  it  is  preferred  to  employ  a  fur- 
nace heated  by  the  combustion  of  gases,  such  as  carbonic 
oxide  or  carburetted  hydrogen,  or  other  hydrocarbonaceous 
matters,  according  to  any  known  or  suitable  method  of  em- 
ploying them  in  furnaces ;  and  the  sort  of  furnace  well 
known  and  used  for  steel  melting  called  the  "  Siemens's 
regenerating  furnace "  is  found  to  be  very  suitable  and 
effe(Stive  for  the  purpose,  although  the  same  result  may  also 
be  obtained  by  other  furnaces  and  other  modes  of  burning 
such  or  similar  combustible  gases,  such  as  persons  skilled 
in  such  operations  may  preferably  constn]<5t  and  employ. 
The  furnaces  must  have  a  tapping  hole,  which  may  be 
similar  to  such  as  is  usually  used  in  ordinary  iron-founders' 
reverberatories,  and  which  may  best  be  placed  at  or  about 
the  middle  or  deepest  part  of  the  excavated  sole  or  hearth 
thereof,  and  so  that  it  may  be  stoppered  up  in  any  manner 
usual  or  convenient  in  such  furnaces.  There  must  be  also 
openings  at  which  to  run  in  or  charge  the  fluid,  or  solid 
metals  or  materials  which  may  be  employed,  and  for  taking 
out  such  small  quantities  for  testing  as  may  be  desired, 
which  openings  should  be  so  constru(5ted  as  to  be  well  and 
speedily  closed  and  luted  up  after  using  them. 

The  hollowed-out  or  excavated  hearth  of  the  reverberating 
chamber  must  be  of  such  size  and  depth  as  the  quantity  of 
metal  intended  to  be  cast  from  each  separate  melting  may 
require,  and  may  contain  either  small  quantities  of,  say, 
3, 4,  or  5  cwts,  of  metal,  or  as  much  as  3, 4,  or  5  tons  or  more, 
according  to  the  size  of  the  ingots  or  other  castings  required, 
the  time  required  for  working  off  a  charge  of  such  lai^ 
quantities  being  of  course  longer  than  in  the  case  of  smaller ; 
but  for  which  smaller  quantities  from  one  to  three  hours 
will  generally  be  amply  sufficient.  The  brick  or  stone  work 
or  foundation  of  the  hearth  should  be  covered,  as  usual  in  iron- 
founders'  reverberatories,  with  siliceous  sand  in  a  moderate 
degree  ferruginous,  or  better  still  with  rather  coarsely  ground 
"  ganister,"  well  rammed  down  to  a  considerable  depth  or 
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thickness  of  somewhere  about  i8  inches ;  which  also  may 
advantageously  be  itself  covered  to  the  thickness  of  from 
6  inches  to  i  foot  with  an  upper  layer  of  the  same  sand,  or 
of  ganister,  which  may  preferably  be  ground  and  mixed  to 
the  extent  of  about  one<eighth  of  its  weight  with  a  some- 
what fusible  sort  of  sand,  or  loam,  such  as  is  well  known  to 
and  used  by  iron-founders,  by  the  name  of  "  Woolwich 
loam."  The  inside  walls  and  the  arch  or  crown  of  the 
furnace  may  advantageously  be  made  of  "  ganister  bricks," 
or  of  the  sort  of  bricks  called  "  dinas  bricks." 

The  proportions  in  which  the  two  kinds  of  metal  are  to  be 
used  must  vary  according  to  the  degree  in  which  the  malle- 
able metal  is  used,  as  the  material  may  have  been  previously 
more  or  less  completely  decarburised,  or  brought  into  the 
state  of  hard  or  soft  steel,  or  of  hard  or  soft  iron ;  but  by 
way  of  general  rule,  it  may  be  mentioned  that  in  any  case 
in  which  that  decarburisation  may  exist  to  about  the  same 
degree  to  which  it  is  usually  carried  in  well-puddled  bar 
iron,  a  mixture  of  crude  or  cast-iron  therewith,  in  the  pro- 
portions of  about  from  8  to  about  15  per  cent  of  the  total  or 
mixed  mass  of  metal,  will  yield  a  more  or  less  soft  or  hard 
steel-iron ;  whilst  the  mixture  of  such  crude  metal  in  the 
proportion  of  from  about  15  to  about  40  per  cent  of  such 
total  mass,  will  give  either  such  a  soft  or  such  a  hard  steel 
as  may  be  suitable  for  most  of  the  various  purposes  for 
which  steel  is  generally  employed. 

As  regards  the  mode  of  mixing  the  materials,  it  is  pre- 
ferred that  the  crude  or  non-malleable  metal  which  may  be 
employed  should  be  melted  in  the  reverberating  furnace 
itself  before  the  addition  of  the  other  material;  though 
otherwise  it  may,  where  more  convenient,  be  conveyed  into 
the  said  furnace  out  of  some  other  furnace  or  vessel  whilst 
in  a  melted  state,  and  in  either  case  it  should  be  brought  to 
a  state  of  liquefaction  before  the  addition  of  the  decar- 
burised material.  And  inasmuch  as  it  may  sometimes  be 
convenient  for  purposes  of  economy,  or  otherwise,  to  add 
to  these  materials  in  the  reverberating  furnace  a  greater  or 
less  proportion  of  steel,  or  of  such  steel  scrap  as  it  may  be 
desired  to  work  up  and  bring  into    the  state  of  cast-steel 
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ingots ;  such  addition  may  be  made  either  by  adding  it  to 
or  liquefying  it  at  first  along  with  the  crude  cast-iron,  or 
else  by  mixing  it  with  the  other  materials,  and  it  may  either 
be  added  in  the  cold  or  in  the  melted  state  to  the  metal  in 
the  furnaces. 

It  is  usual  in  the  pradtice  of  what  is  called  "  the  Bessemer 
process  "  to  fir^t  decarburise  the  iron,  and  then  to  add  to  it 
while  in  the  converter,  and  still  fluid,  as  much  crude  metal, 
also  in  the  liquid  state,  as  is  judged  sufBctent  for  converting 
it  to  steel.  And  in  that  state  those  mixed  materials  in  the 
state  of  steel  may  then  be  passed  into  this  furnace  and 
brought,  by  continued  liquefatflion,  either  with  or  without 
commixture  with  a  further  quantity  of  either  crude  metal 
or  decarburised  iron,  as  may  be  necessary,  to  such  a  con- 
dition in  respedl  of  quality  or  hardness  as  may  be  desired. 
It  is  considered  more  convenient,  however,  not  to  previously 
make  such  mixture  with  crude  metal  in  such  converter,  but 
to  pass  the  metal,  decarburised  as  nearly  as  may  be  to  the 
same  degree  as  is  the  case  with  welt-puddled  bar  iron,  into 
the  reverberating  furnace  as  soon  as  that  degree  of  decar- 
burisation  may  be  arrived  at;  when  the  required  propor- 
tions of  crude  and  of  decarburised  materials  will  mix  and 
combine  more  perfeiitly  at  the  high  and  continued  tempera- 
ture which  can  be  maintained  therein  than  they  usually  do 
in  the  said  converter ;  the  value  of  this  process  in  great 
degree  consisting  in  the  much  more  uniform  quality  to 
which  the  steel  or  steel-iron  can  thus  be  brought,  and  in  the 
more  homogeneous  and  sound  quality  of  the  castings  than 
can  be  obtained  when  cast  direftly  from  the  Bessemer  or 
any  other  converters.  Nevertheless,  in  cases  where  such 
mixture  of  decarburised  and  crude  or  non-malleable  metals 
may  have  been  aftually  made  in  such  converters  or  convert- 
ing vessels,  or  in  cases  where  by  nature  of  any  other  process 
or  processes  of  decarburisation  which  may  have  been  em- 
ployed, the  metallic  results  may  have  been  brought  into  a 
similar  state  of  steel  or  of  steel-iron,  as  the  case  may  be, 
the  contents  may  still  be  transferred  into  the  reverberating 
furnace ;  in  which  furnace,  either  with  or  without  such 
mixture  with  crude  or  non-malleable  iron,  or  with  decar- 
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burised  iron,  as  may  in  any  particular  cases  be,  as  before 
said,  necessary,  it  may  be  continued  sufficiently  long  for 
combination  or  for  settling  out  the  bubbles  of  gas  or  air, 
and  then  be  cast  into  sound  and  homogeneous  ingots  or 
castings  of  the  quality  and  in  the  form  required.  But  in 
eveiy  case  the  quality  of  the  metal  to  be  produced  will  be 
better  or  worse  according  as  the  metallic  materials  em- 
ployed may  be  such  as,  by  their  own  proper  quality  and 
nature,  are  capable  of  producing  steel  and  steel-iron  of 
better  or  worse  quality  when  used  for  such  production  by 
the  more  usual  processes  of  manufacture  employed  for  that 
purpose. 


THE  PRACTICAL  APPLICATION  OF  SPECTRUM  ANALYSIS 

TO  THE  BESSEMER  FLAME.* 
The  present  employment  at  Neubei^  and  Gratz  in  Austria 
of  spedlrum  analysis  to  the  Bessemer  flame  forms,  as  far  as 
we  can  make  out,  the  first  actual  praflical  application  of 
spectrum  analysis  to  this  important  purpose.  Upon  this 
faift  we  feel  all  the  more  called  upon  in  simple  justice  to 
insist,  as  the  number  of  the  "  Philosophical  Magazine  "  for 
last  December  contains  a  paper  by  Dr.  W.  M.  Watts,  for- 
merly an  assistant  of  Dr.  Roscoe  of  Manchester,  in  which 
are  statements  that  we  feel  bound  to  contradict  from  per- 
sonal knowledge.  It  is  well  known  that  Dr.  Roscoe  was  the 
first  to  propose,  "  in  the  form  of  a  short  preliminary  notice 
in  the  '  Proceedings '  of  the  Manchester  Literary  and  Philo- 
sophical Society  for  Februaiy  24th,  1863,"  the  practical 
employment  of  speCtrum  analysis  in  the  Bessemer  process. 
All  this  is  quite  correCl,  but  Dr.  Watts  also  states  that  "  an 
important  practical  result  of  the  observations  on  which  these 
communications  were  based  was  the  discovery  that  the  exaCl 
point  of  decarbonisation  could  be  determined  by  means  of 
the  spectroscope  with  much  greater  exactitude  than  from 

•  The  Enpneer,  Feb.  18,  1868. 
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the  appearance  of  the  flame  itself;  the  change  in  which 
indicating  the  completion  of  the  process  is  minute,  and  re- 
quires a  lengthened  experience  to  dete(5t  with  certainty. 
This  method  of  determining  the  point  at  which  it  is  neces- 
sary to  stop  the  blast  was,  indeed,  at  that  time  (1863)  in 
constant  use  in  Messrs.  Brown's  works  at  Sheffield,  and  has 
since  been  introduced  with  equal  success  by  Mr.  Ramsbottom 
(at  the  suggestion  of  Dr.  Roscoe),  at  the  London  and  North 
Western  Railway  Company's  steel  works  at  Crewe."  So 
far  is  this  from  being  the  case  now  that  the  spetftroscope 
has  long  been  abandoned  at  the  Atlas  Works ;  and,  after  a 
most  persevering  series  of  experiments,  conduced  under  the 
diredlion  of  Dr.  Roscoe  himself,  the  spedlroscope  has  long 
been  abandoned  at  Crewe,  so  that  the  merit,  as  will  be  seen 
from  the  following,  of  the  aiftual  pradtical  application  in  this 
way  of  the  spetSroscope  is  due  to  Professor  Lielegg. 

With  the  exceptions  of  a  short  note  by  Professor  Roscoe 
("  Proceedings"  of  the  Literary  and  Philosophical  Society  of 
Manchester,  vol.  iii.,  p.  67,  1863),  and  of  a  ledlure  in  May, 
1864,  by  the  same  gentleman,  before  the  Royal  Institution, 
no  scientific  work  on  the  speiftral  analysis  of  the  (lame  of 
the  Bessemer  converter  has  been  published  before  the  re- 
searches made  known  during  the  last  year  by  the  Austrian 
Professor  A.  Lielegg,  and  printed  amongst  the  reports  of  the 
"  Proceedings "  of  the  Imperial  Academy  of  Sciences  at 
Vienna.  The  main  result  of  Professor  Lielegg's  observa- 
tions is  that,  by  the  aid  of  the  spedlroscope,  both  the  begin- 
ning and  the  end  of  the  decarbonisation  of  the  iron  can  be 
accurately  determined ;  further,  that  a  particular  part  of  the 
refining  period  characterised  by  the  appearance  of  bluish- 
violet  lines,  is  observable  only  in  the  spectroscope ;  and, 
finally,  that  the  appearance  and  disappearance  of  these  lines 
may  be  employed  as  the  means  for  determining  the  end  of 
the  chaise. 

It  is  a  noticeable  faCt  that,  since  the  conclusion  of  Pro- 
fessor Lielegg's  experiments,  the  spedtroscope  has  for  some 
time  been  constantly  employed  at  the  Bessemer  works  of 
the  Austrian  Southern  Railway  at  Gratz,  and  has  come  into 
use  at  the  works  of  the  State  at  Neuberg.    The  instruments 
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employed  in  the  experiments  were  at  first  a  simple  spedlral 
apparatus,  without  either  a  combination  of  lenses  to  keep 
the  entering  rays  -of  light  parallel,  or  a  magnifying  tele- 
scope, but  consisted  merely  of  two  prisms,  fastened  accord- 
ing to  the  angle  of  smallest  refraction  to  the  bottom  of  a 
small  closed  wooden  box  blackened  inside.  On  the  one  side 
of  the  same  it  is  provided  with  a  telescopic  tube,  having  a 
slit  so  arranged  that  the  rays  of  light  entering  fall  upon  the 
middle  of  the  first  prism ;  the  spedlrum  is  observed  with 
the  naked  eye  through  a  properly-situated  cleft  in  the  box. 
Bright  daylight  rays  give  a  speftrum  in  which  the  stronger 
Frauenhofer  lines  are  distinftly  recognisable.  The  speiftrum 
is  small,  but  very  distiniJl  and  bright ;  on  which  account  the 
slit  must  be  made  very  narrow,  and  this  precautionary 
measure  is  also  necessary  in  observing  the  Bessemer  flame, 
on  account  of  its  great  illuminating  power,  as  otherwise  the 
brightness  of  the  lines  would  be  almost  equal  to  that  of  the 
background.  Subsequently  a  larger  speiftroscope  was  em- 
ployed. The  latter  instrument  was  provided  with  a  tele- 
scope having  a  magnifying  power  of  six,  and  with  two 
prisms,  each  with  an  angle  of  refratSion  of  60  deg.  Both 
prisms  were  adjusted  to  the  minimums  of  deviation  for 
the  line  d.  The  apparatus  was  also  provided  with  a 
Steinheil  scale  tube  for  measuring  the  lines.  Both  spedtro- 
scopes  were  manufai5lured  in  the  workshops  for  philo- 
sophical instruments  at  the  Polytechnic  Institution  in 
Vienna. 

The  speiftrum  peculiar  to  the  Bessemer  flame,  which 
makes  its  appearance  at  the  commencement  of  the  boiling 
period,  and  attains  its  greatest  distin^ness  during  the  first 
half  of  the  refining  period,  is — without  regarding  the  lines 
proceeding  from  the  potassium,  sodium,  and  lithium  speftra 
— simply  the  speftrum  of  burning  carbonic  oxide.  The 
spei5tnim  contains  several  chamcteristic  lines  and  groups  of 
lines,  the  respedlive  positions  of  which  were  determined  by 
a  scale  of  lines  dividing  the  space  between  the  two  charac- 
teristic potassium  lines,  k  a  and  K  B,  into  255  equal  parts. 
The  result  of  the  observations  during  eight  charges  were  as 
follows : — 
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K  M  (potassium  line). 
Li  a  (lithium  line). 

1  Group  of  three  narrow  red  lines,  of  which  the 
first  and  third  were  mostly  distindlly  visible. 
)  Middle  of  a  broad  dark  line  of  absorption  with  in- 
I        distinct  borders. 
Sodium  line. 
Narrow  dark  lines. 

Group  of  three  greenish  yellow  lines,  of  which  the 
third  (184)  is  the  brightest,  and  is  always  the 
first  to  appear ;  when  the  flame  is  very  lumin- 
ous, the  whole  space,  from  199  to  184,  appears 
filled  with  greenish  yellow  lines. 

Group  of  three  light  green  lines,  the  third  (lyi'S) 
is  the  brightest  and  first  to  appear. 

Bright  green  lines  only  visible  during  the  refining 
period. 


113 


Group  of  four  greenish  blue  lines  of  equal  bright- 
ness. 


Group  of  four  equally  bright  light  blue  lines: 


■\  End  of  a  group  of  several  blue  equi-distant  lines 
immediately  following  the  last  line  (i36-3) 
of  the  former  group;  the  lines  are  much 
less  luminous,  and  are  not  even  always 
visible. 

Borders  of  a  group  of  four  bluish-violet  double 
lines,  only  visible  in  the  refining  period,  but 
not  always  distimflly. 

Bright  clearly  bordered  bluish-violet  line,  appear- 
ing in  the  refining  period  simultaneously  with 
the  group  (81 — 67). 

K  fi,  second  charaAeristic  potassium  line. 
t]-\    2    ^Bright  violet  line. 

The  groups  of  lines  marked  a,  0,  y,  S,  and  e,  and  the  line 
17  charaflerise  the  Bessemer  spectrum,  and  this  is  completely 
identical  with  the  spe<ftrum  of  the  carbonic  oxide  flame  ob- 
served during  the  preparatory  heating  of  the  converter  with 
coke.    With  regard  to  the  other  lines  which  appear  only 
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during  the  refining  period  it  cannot  be  affirmed  with  equal 
certainty  that  they  proceed  from  the  carbonic  oxide  spec- 
trum— although  this  ia  exceedingly  probable — as  the  high 
temperature  during  this  period  may  possibly  cause  the 
volatilisation  of  other  substances,  either  from  the  molten 
iron  or  from  the  lining  of  the  converter. 

The  general  charafter  of  the  Bessemer  speArum  coincides 
with  the  other  speftra  hitherto  produced  by  the  combustion 
of  gases  containing  carbon,  and  all  that  Attfield  (Edinburgh 
Phil.  Tran.,  vol.  xxii,,  p,  224),  Dibbits  ("Speftral  Analyse, 
Tassemeyer  in  Rotterdam,  1863"),  Placker  (Trans,  of  the 
Roy.  Soc,  London,  vol.  civ.,  part  i.,  p.  15),  and  others  have 
said  concerning  the  peculiarities  in  colour  and  grouping  of 
the  lines,  refers  also  to  the  Bessemer  speftrum,  for  it 
possesses  exadtly  the  same  groups  of  lines  as  the  spedlra  of 
ordinary  coal  gas,  of  elaidin,  and  of  cyanogen,  but  their 
relative  position  is  different,  according  to  the  observations  of 
Professor  Lielegg, 

While  in  the  speAra  of  cyanogen  and  of  ordinary  coal 
gas  the  three  groups,  following  one  after  the  other  in  the 
yellowish  green,  green,  and  blue  parts,  coincide  completely, 
not  one  of  the  groups  in  the  Bessemer  speiftrum  coincide  in 
position  with  those  of  either  the  above-mentioned  or  any 
other  speflra.  Another  remarkable  difference  is  to  be  found 
in  the  varying  luminosity  of  the  single  lines.  In  all  hitherto* 
examined  carbon  speiflra  the  line  of  each  group  which  is  the 
least  refraifted  is  the  brightest,  while  the  following  lines 
become  duller ;  in  the  Bessemer  spedlrum,  on  the  other 
hand,  exaftly  the  contrary  is  the  case  with  the  groups  0 
and  7,  and  in  the  groups  S  and  e  there  is  no  difference  at  all 
in  the  luminosity  of  the  respective  lines  amongst  one 
another. 

The  above-mentioned  differences  give  the  speClrum  a 
certain  peculiarity,  and  if  one  considers  the  chemical  nature 
of  the  carbonic  oxide,  which  does  not  admit  the  supposition 
that  carbon  is  separated  during  the  combustion,  one  may 
very  well  conclude  that  the  Bessemer  speiflrum  proceeds 
from  the  incandescence  of  the  carbonic  oxide,  and  not  of 
the  carbon. 
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In  conclusion,  we  may  add  that  attempts  to  absorb  certain 
parts  of  the  speiflruni  by  means  of  coloured  glasses,  in  order 
to  increase  the  distinctness  of  others,  did  not  lead  to  any 
noticeable  results. 

The  following  observations  were  made  with  regard  to  the 
development  of  the  Bessemer  spectrum  in  the  different 
periods  of  the  process,  and  the  connetflion  between  the 
alterations  in  the  spetftnims  and  those  in  the  flame  of  the 
converter,  during  a  series  of  charges  of  grey  charcoal  pig- 
iron.  At  the  beginning  of  the  charge  there  was  a  weak 
continuous  spedlrum,  the  yellow  part  quite  invisible,  the 
blue  and  violet  part  very  weak  and  indistin<5t,  even  the 
sodium  line  was  absent.  The  latter  highly  remarkable  faft, 
considering  the  great  delicacy  of  the  sodium  readlion,  can 
hardly  be  owing  to  the  absence  of  vapours  of  sodium  salts, 
or  to  an  insufl5ciently  high  temperature,  but  must  be  ascribed 
to  another  cause.  The  flame,  during  the  slag-forming 
period,  is,  namely,  not  a  real  flame,  as  it  is  not  formed  by 
burning  gases,  but  by  a  number  of  ejedted  sparks.  After 
this  period  has  continued  a  certain  time,  the  luminosity  and 
size  of  the  speftrum  increases,  and  after  one  minute  at  the 
most,  subsequent  to  the  first  greater  ejection  of  slag,  fre- 
quently, however,  at  once,  the  sodium  lime  flashes  out ;  after 
one  or  two  minutes  more  it  remains  distinflly  visible  up  to 
the  end  of  the  charge. 

From  this  appearance  the  commencement  of  the  boiling 
period  is  charaiflerised,  for  as  soon  as  the  sodium  line  be- 
comes perfeftly  visible,  one  line  in  each  of  the  greenish- 
yellow,  green,  and  violet  parts  of  the  spedtrum  may  be  ob- 
served, and  just  as  the  pradlised  eye  of  the  metallurgist 
deteiits  by  the  appearance  of  carbonic  oxide  in  the  flame  the 
change  of  period,  so  the  same  change  is  also  charai^ierised 
by  the  appearance  of  these  first  carbonic  oxide  lines  in  the 
speiflrum.  The  lines  which  appear  first  are : — 184  of  the 
group  (3,  I7i'5  of  the  group  7,  and  the  violet  line  z,  marked  17 
(the  last  line  lies  just  next  to  the  potassium  line  K  fi,  but  is 
only  seen  separate  from  the  latter  when  the  slit  is  veiy 
narrow;  when  the  slit  is  wider,  both  lines  touch,  forming 
one  broad  violet  stripe  ;  the  size  of  the  slit  is  then  the  best 
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when  the  distance  from  the  one  line  to  the  other  is  the  same 
as  their  own  width). 

During  the  boiling  period  the  Same  increases  greatly  in 
size,  is  flickering,  drawn  out,  and  exhibits  sometimes  in- 
ternally a  yellow  cone.  The  development  of  the  spcAnim 
proceeds  with  that  of  the  flame.  The  line  S  and  e  appear, 
the  groups  j9  and  7  become  completed,  and  at  last  the  red 
lines  of  the  group  a  also  appear.  When  the  line  is  very 
clear  and  distindl,  a  number  of  weak  blue  line  are  seen  next  to 
the  line  136-5  of  the  group  e,  and  fill  up  the  space  up  to  113. 

On  account  of  the  varying  brightness  of  the  light  from 
which  the  spedlrum  proceeds  the  latter  is  inconstant  in 
appearance  during  this  period,  not,  however,  as  regards  the 
bright  lines,  but  only  as  regards  the  dark  shadowings,  which 
are  doubtless  lines  of  absorption.  The  dark  stripes  denoted 
204  and  200  remain,  however,  unchanged. 

During  the  now  following  refining  period  the  flame 
assumes  a  peculiar  form,  and  a  considerable  increase  in 
temperature  and  luminosity,  and  the  lines  in  the  spe<5trum 
attain  now  their  maximum  of  brightness.  But  the  com- 
mencement of  this  period  is  not  so  accurately  determinable 
as  that  of  the  boiling  period.  Very  characteristic  of  this 
period,  however,  is  the  appearance  of  fresh  lines  in  the 
bluish-violet  part  of  the  speiftrum.  From  four  to  six  minutes 
previous  to  the  end  of  the  charge,  therefore,  just  during  the 
next  intense  refining  process,  a  group  of  four  blue  equi- 
distant lines  (81  to  67)  becomes  visible,  each  having  the 
appearance  of  a  double  line.  Shortly  afterwards  a  very 
bright  and  sharply  deflned  bluish-violet  line  (41)  also  appears. 
These  lines  remain  visible  during  some  minutes,  at  the  close 
of  which,  first  the  single  line  (41)  and  then  the  group  (81  to 
67)  disappear.  The  whole  spedtrum  then  becomes  duller,  a 
sign  of  the  closely  approaching  end  of  the  decarbonisation. 
The  luminosity  of  the  background  remains  unchanged, 
whilst  that  of  the  lines  diminishes,  and  at  last  the  lines  dis- 
appear in  rather  rapid  sequence,  in  the  reversed  order  of 
their  former  appearing,  until  only  the  two  lines  (184  and 
I7i'5)  remain  visible — at  this  moment  the  charge  is  generally 
finished. 
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From  the  above  details  it  will  be  perceived  that  by  the  aid 
of  the  spedtroscope  both  the  beginning  and  the  end  of  the 
decarbonisation  of  the  iron  may  be  accurately  determined. 
It  only  remains  to  be  said  that  the  above  experiments  of 
Professor  Liete^  were  made  in  the  Bessemer  works  of  the 
Austrian  Southern  Railway  at  Gratz  in  Styria. 

As  an  addition  we  give  here  the  results  of  a  personal  in- 
Bpe^ion  in  January  last  by  a  foreign  correspondent  of  the 
process  as  carried  on  at  the  Bessemer  works  at  Gratz. 
Here  the  requisite  quality  of  steel — No.  5,  hard,  or  No.  6» 
soft — is  always  invariably  obtained.  At  five  minutes  past 
two  66  cwts.  of  grey  pig-iron  melted  in  a  reverberatory  fur- 
nace were  run  into  the  converter ;  at  twenty-one  minutes 
past,  the  yellow  sodium  line  (201)  first  became  visible,  and 
at  thirty-six  minutes  past  two  the  carbonic  oxide  lines  in  the 
spedlrum  vanished  entirely,  and  the  converter  was  turned 
down  to  receive  the  charge  of  5J  per  cent  of  spiegeleisen. 
According  to  the  statement  of  the  condu^or  of  the  process, 
Mr.  Kupelwieser,  the  quantity  of  carbon  present  in  the  con- 
verted pig-iron  at  that  moment  is  invariably  o"03  to  0"04  per 
cent.  After  the  addition  of  the  spiegeleisen  the  converter 
remained  unmoved  until  a  quarter  to  three,  when  its  contents 
were  poured  into  the  casting  ladle. 

In  conclusion,  however,  we  must  not  omit  to  remark  that 
the  application  of  the  spectroscope  has  still  occasionally 
difficulties  to  overcome.  Thus,  although  it  has  hitherto 
been  always  perfectly  successful  at  Gratz,  at  the  Imperial 
Works  at  Neuberg  the  conclusion  is  often  obscured  by  the 
dark  smoke  exhaled  at  this  period  from  the  mouth  of  the 
converter,  which  causes  the  speArum  to  lose  its  distinctness. 
The  reason  of  this  is  difficult  to  ascertain.  Perhaps  it  lies 
in  the  faCl  that  at  Neuberg  the  pig  is  run  direift  from  the 
blast  furnace,  whilst  at  Gratz  it  is  re-melted  in  a  reverberatory 
furnace ;  or  what  is  more  probable,  it  is  caused  by  an  excess 
of  manganese  or  silicium.  The  latter  hypothesis  is  supported 
by  the  results  of  an  approximate  analysis  of  a  small  quantity 
of  this  smoke  obtained  at  Neuberg  by  means  of  a  wrought- 
iron  tube  inserted  into  the  mouth  of  the  converter.  The 
condensed  product  contained  36  per  cent  of  silica,  16  per 
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cent  of  protoxide  of  iron,  and  48  per  cent  of  protoxide  of 
manganese.  Neuberg  pig-iron,  as  compared  with  most 
other,  Styrian  pig-irons,  is  generally  richer  in  silicium  and 
manganese.  Thus  Neuberg  pig-iron  contains  from  2  to  2J 
per  cent  of  silicium,  and  2  to  3,  and  more  per  cent  of  man- 
ganese. 

The  following  further  details  regarding  the  dark  brown 
vapour  evolved  from  the  mouth  of  the  Bessemer  converter 
towards  the  end  of  the  process,  in  quantities  varying  with 
the  nature  of  the  pig-iron,  may  not  prove  uninteresting.  As 
this  phenomenon  exhibits  itself  in  a  much  greater  measure 
during  the  Bessemer  process  as  carried  out  at  Neuberg  than 
at  Gratz,  Mr.  Schoffel,  assistant  chemist  at  the  Leoben 
College  laboratory,  undertook  to  colledt  a  quantity  of  vapour 
at  the  former  place  for  analysis.  In  order  to  obtain  the 
vapour  in  perfeiit  purity,  a  bent  wrought-iron  tube  J  an  inch 
in  diameter  was  inserted  into  the  mouth  of  the  converter  and 
connedled  by  means  of  a  short  india-rubber  tube  with  a  glass 
receiver.  The  total  length  of  the  tube  was  about  9  feet,  and 
the  mere  pressure  of  the  blast  was  sufficient  to  drive  the 
vapour  through  the  same.  By  the  time  the  vapour  reached 
the  tube  it  had  cooled  down  to  the  ordinary  temperature  and 
condensed  on  the  sides  of  the  receiver  in  the  form  of  a  very 
voluminous  light  white  powder.  From  a  very  careful 
analysis  of  this  powder  its  exaifl  composition  was  found  to 
be  : — Silica,  34'86  per  cent ;  protoxide  of  iron,  i6'29  per 
cent;  and  protoxide  of  manganese,  48'23  per  cent.  Mr. 
Paul  Kupelweiser,  the  gentleman  who  introduced  the  use  of 
the  spectroscope  at  the  Bessemer  Works  at  Gratz,  and  who 
has  been  constantly  condudting  the  Bessemer  process  there 
by  aid  of  the  same  during  several  months  with  various  kinds 
of  pig-iron,  is  of  the  opinion  that  the  evolution  of  this  vapour 
increases  solely  with  the  amount  of  manganese  in  the  pig,  and 
this  opinion  is  supported  by  the  result  of  the  above  analysis 
of  the  vapour,  in  which  the  manganese  is  present  to  the 
amount  of  nearly  one-half.  It  need  scarcely  be  added  that 
the  difference  in  colour  between  the  vapour  as  seen  evolving 
from  the  mouth  of  the  converter  and  that  as  seen  condensed, 
proceeds  merely  frgm  the  different  conditions  of  light. 
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LURMANN'S  SLAGGING  SYSTEM.* 
An  improvement  in  the  hearth  of  blast  furnaces,  to  which 
reference  was  made  in  the  Mining  Journal  of  Dec.  14  last, 
has  recently  excited  great  attention  amongst  German  and 
American  ironmasters.  As  is  well  known,  the  present 
furnaces  have  an  opening  of  the  hearth  in  the  front,  which 
is  the  source  of  many  defeifls.  In  Austria,  the  charcoal 
furnaces  have  the  hearth  completely  closed,  and  give, 
therefore,  much  better  results  in  comparison  with  coke 
blast  furnaces.  M.  F.  LUrmann,  engineer  of  Georg 
Marien  Hutte,  near  Osnabr^ick,  tried  to  apply  the  closed 
hearth  system  to  coke  furnaces ;  but,  owing  to  the  great 
pressure  of  blast,  the  heat,  and  corroding  nature  of  the 
scoria,  he  failed.  But  being  convinced  of  the  great  advan- 
tages of  the  closed  hearth,  he  persevered  in  his  experiments, 
and  at  last  overcame  all  the  difficulties.  The  principal 
features  of  his  invention  are  the  doing  away  with  the  tymp, 
fore-hearth,  and  dam,  in  carrying  the  walls  of  the  hearth  to 
the  bottom  on  all  sides,  and  the  scoria  outlet.  This  scoria 
outlet  is  made  of  metal,  and  dovetailed  in  a  plate  (the  scoria 
plate)  which  is  fastened  into  the  wall  of  the  hearth.  The 
scoria  outlet  and  plate  are  provided  with  canals,  through 
which  cold  water  is  kept  circulating.  The  working  of  the 
furnace  is  very  simple.  After  tapping,  the  blast  has  to  be 
put  off,  and  the  tapping  hole,  as  well  as  the  scoria  outlet, 
to  be  filled  with  sand  or  clay;  then  the  blast  is  put  on 
with  full  pressure,  and  remains  so  until  the  next  tapping, 
even  if  it  should  be  required  to  replace  the  scoria  outlet  by 
another.  The  hearth  soon  will  be  filled  with  metal  and 
scoria;  as  soon  as  the  latter  is  observed  at  the  tuyeres  the 
scoria  outlet  (which  is  several  inches  below  the  tuyeres)  is 
opened  by  means  of  an  iron  or  steel  bar  and  a  hammer, 
when  the  scoria  will  flow  off  in  a  continual  streajn.  The 
advantages  of  this  system  are  evident.  There  are  no  repairs 
of  tymp,  &c.,  no  bar-working — in  short,  the  management  of 
the  furnace  has  become  very  simple,  and  may  even  be 
trusted  to  less  experienced  smelters.      But  the  greatest 
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advantages  are  the  saving  in  time  and  fuel ;  the  stoppages  are 
lessened  materially,  they  are  nearly  nil.  Most  ironmasters  do 
not  heed  the  many  short  stops,  and  have,  therefore,  scarcely 
any  idea  how  much  time  they  lose.  At  Georg  Marien  Hiitte  it 
has  been  the  custom  for  many  years  to  notice  every  stoppage 
minutely ;  compared  with  the  working  time,  the  lost  time 
amounted  to  g^  per  cent.  It  may  be  confidently  asserted 
that  at  most  ironworks  the  loss  of  time  is  much  heavier. 

The  scoria  outlet  and  plate  take  but  little  space.  The 
room  formerly  occupied  by  the  open  fore  hearth  has  now 
become  available  for  another  tuyere,  so  that  it  is  in  the 
power  of  the  metallurgist  to  have  the  blast  equally  dis- 
tributed. The  blast  may  be  raised  to  any  pressure,  as  a 
throwing  out  of  materials  is  out  of  question.  The  heat  is 
thus  greater,  and  better  kept  together,  which  accounts  for 
the  saving  of  fuel  and  for  the  increase  of  the  make  of  pig- 
iron.  The  higher  pressure  of  bjast  makes  this  improvement 
very  valuable  when  coal  and  anthracite  are  used.  In  Cata- 
sauqua.  Pa.,  U.S.,  Ldrmann's  system  had  been  successfully 
tried,  and  is  now  spreading  round  rapidly.  The  invention 
has  been  lately  patented  in  this  country  by  M,  C.  Holste, 
of  Henrietta  Street,  Covent  Garden,  and  an  eminent  firm  in 
the  Clevelend  distrift  intends  to  try  it  on  a  large  furnace  of 
80  feet  high  and  25  feet  in  diameter,  now  building ;  the 
result,  which  is  looked  forward  to  with  much  interest,  will 
be  made  known  as  soon  as  possible.  Excellent  testimonials 
have  been  obtained  from  German  and  American  iron- 
masters, and  it  may  be  mentioned  that  in  one  of  them 
the  writer  seems  to  have  had  a  good  deal  of  misgivings, 
which  have  now  fully  disappeared.  Subjoined  are  a  few 
authenticated  fadts. 


186^ -68. 


I            Sloppige.       InBlul.       S.opp-g.. 

nBl«t,    Swppag.. 

74a  M       8-93         85       85  30       4-20 

366     324  zs     3-7 

123  10       980       365     667  30       759 

366     456  25     53 
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The  closed  hearth  system  was  not  in  use  in  1865-66  ;  in 
use  on  two  furnaces  towards  the  end  of  1866-67 ;  in  use  on 
all  furnaces  in  1867-68. 

No.  3  is  now  re-building  ;  Nos.  i  and  2  are  built  on  the 
principle  which  was  applied  to  No.  4,  whilst  in  blast,  where 
also  many  alterations  were  made  without  stopping  the  fur- 
nace. The  stoppages  at  present  are  mainly  caused  by  tap- 
ping and  the  cleansing  of  the  gas  pipes,  required  every  ten 
days,  and  lasting  from  three  to  three  and  a  half  hours,  the 
gas  containing  a  deal  of  zinc,  and  the  ore  being  in  the  form 
of  dust.    The  other  results  were  : — 

1865-66.  1S66-67.  1867.68. 

IbB.  lbs.  lbs. 

Ore  and  flux  .    255,953,270    260,665,195  331,640,020 

Coke     .    .     .    119,363,900    126,565,300  149,602,300 

Pig-iron  made      60,820,808      64,947,780  83,404,310 
Per  1000  lbs.  pig-iron  have  been  used — 

1365-66.  1866-67.  1867-68. 

Ore  and  flux 4204  lbs.    4008     lbs.  3976*3  lbs. 

Coke 1963  lbs.    1945*7  lbs.  I7g2"5  lbs. 

Yield  from  chaise,  percent     2379  24*95  25*15 

Average  make  per  day  and 

for  each  furnace.     .     .    53,996  lbs.  58,406  lbs.  77,367  lbs. 

The  iron  made  is  foundry  iron,  spiegeleisen  (first  quality), 
and  Bessemer  grey  pig-iron  ;  the  principal  consumer  of  the 
latter  is  M.  F.  Krupp,  the  steel  manufadturer,  at  Essen,  and 
the  make  of  it  has  been,  in  1667-68,  three  times  as  large  as  in 
1865-66.  As  is  well  known,  this  sort  of  pig-iron  requires 
more  fuel  than  ordinary  iron,  which  should  be  borne  in  mind 
when  comparing  the  above  figures.  The  furnaces  at  Geoi^ 
Marien  Htitte  are  of  various  sizes,  one  of  them,  for  instance, 
makes  130,000  lbs.  German  per  day  (65  tons). 

Another  ironwork,  the  Ilseder  HOtte,  near  Peine  (Han- 
over), applied  the  improvement  to  its  two  furnaces  in 
February  last,  whilst  in  blast,  with  the  following  results : — 


1868. 

Make. 

MaU  per  day. 

Working  Exptattt  per  1000  lb*. 

lbs. 

lbs. 

thr.    gr.    pf. 

January    , 

,     4,807,400 

155.077 

732       (31S.  3-82d.) 

February  . 

,     5,016,600 

172,986 

6    17      7 

March  . 

.     6,253,000 

201,720 

618 

April     .    . 

.     6,585,600 

219,520 

5    ^      5      ,  .     «o  . 

May.     . 

.     6,674,000 

215,290 

5    17     4      (i6s.  8-83d.) 
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The  results  of  Mr.  F.  Krupp's  furnace  at   Muhlofen,  on 
the  Rhine,  were — 


"ffi: 


Or  and  FueJ.         Coka. 
111.  lln. 

In  the  fiiit  twenty-three 

days   of  the  previous 

blast  from   Nov.  17  to 

Dec.   8,1866 3,019,500        959,050        695,600        1454        3a'6 

In  the  first  twenty-three 

days   of   the   present 

btait,  July  g   to  31, 

186S.* 3,126,700      1,133,930        g75>300        iiCi        30'3 

Difference      1,307,200        1731870       315,700         393         3'4 

The  saving  in  fuel  alone  amounts,  therefore,  to  about 
20  per  cent,  leaving  atone  the  increase  of  make  and  the 
saving  in  labour,  &c.  The  furnace  formerly  had  three  tuyeres, 
now  it  has  four,  which  are  regularly  distributed,  made  feasible 
by  the  doing  away  with  the  fore  hearth. 

The  Carbon  Iron  Company,  at  Parryville,  Pa.,  communi- 
cated to  M.  Liirmann's  agent  in  New  York  the  following  on 
May  23,  186S  :— 

"  The  '  Prussian  Furnace,'  our  No.  i,  made  182  tons  of 
iron  last  week ;  it  has  been  in  blast  seven  weeks.  In  the 
seventh  week  of  the  previous  blast  it  made  129^^  tons,  which 
gives  us  an  increase  of  52^  tons.  Comments  with  such  figures 
before  us  would  be  superSuous.  Please  accept  my  thanks 
for  calling  my  attention  to  your  improvement. 

JAUES  Thomas,  Superintendent." 


M.  CARON'S  METHOD  OP  PURIFYING  IRON.t 
Caron  has  recently  published  a  paper  on  the  employment 
of  fluoride  of  calcium  in  the  purification  of  iron  ores  con- 
taining phosphoric  acid.  Some  six  years  ago  he  minutely 
examined  the  a<5lion  of  manganese  on  cast-iron,  and  found 
that  by  means  of  this  metal,  nearly  the  whole  of  the  sulphur 
and  silicium  could  be  extracted  from  cast-iron,  whilst 
the  phosphorus  present  was  unaffeifled.     To  destroy  the 

n  thia  occasion. 


...Google 


734  SUPPLEMENT. 

injurious  adlion  of  the  phosphoric  acid  it  is  customary  to  mix 
the  ore  with  lime,  by  which  means  alone  it  was  thought 
the  iron  could  be  deprived  of  its  phosphorus.  As,  however, 
the  phosphate  in  question  unfortunately  became,  by  the 
addition  of  lime,  less,  or  no  longer  fusible,  it  was  necessary 
to  mix  with  them  at  the  same  time  sufficient  silicic  acid  to 
give  the  slag  the  requisite  fusing  point.  In  this  operation 
were  brought  together  phosphate,  silicic  acid,  and  carbon, 
just  as  in  Wohler's  process  for  the  production  of  phosphorus ; 
and  phosphorus  was  of  course  set  free  to  form  a  phosphide 
with  the  iron.  That  such  a  change  a<5tually  takes  place  is 
shown  by  an  examination  of  the  slags  of  blast  furnaces,  in 
which  phosphatic  Iron  ores  are  smelted ;  such  slags  are  free 
from  phosphorus, whilstthe  cast-iron  always  contains  this  sub- 
stance, rarely  in  quantities  that  can  be  considered  injurious. 
Granted  that  the  lime  removes  the  phosphoric  acid  from  the 
oxide  of  iron,  it  is  still  requisite  that  a  fusible  substance,  and 
another  than  silicic  acid,  is  added,  which  is  able  to  dissolve  the 
phosphate  of  lime  without  decomposing  it.  Such  a  material 
is  fluoride  of  calcium,  as  the  following  experiment  clearly 
shows.  A  quantity  of  phosphate  of  lime  and  fluoride  of 
calcium  were  placed  In  a  plumbago  crucible,  enclosed  in  a 
Hessian  crucible,  the  insterstice  being  filled  with  a  layer  of 
charcoal.  And  at  the  same  time  a  mixture  of  phosphate  of 
lime  and  silicic  acid  were  filled  into  another  similar  crucible. 
Both  crucibles  were  heated  to  the  temperature  at  which 
steel  melts.  The  carbon  crucible,  filled  with  silicic  acid 
and  phosphate  of  lime,  was  porous,  and  contained  nothing 
but  silicate  of  lime,  the  phophorus  having  disappeared. 
The  other  crucible,  on  the  other  hand,  in  which  the  fluoride 
of  calcium  was  placed,  had  undergone  no  change,  only  a 
thin  layer  of  graphite  had  been  ai5led  upon,  due,  doubtless, 
to  the  silicic  acid  which  it  contained.  The  fused  contents 
of  this  vessel  contained  phosphorus,  and  emitted  light  when 
subjetfted  to  blows  from  the  hammer.  Thus,  it  is  shown 
that  fluoride  of  calcium  can  dissolve  phosphate  of  lime 
without  decomposition  occurring. 

A  second  series  of  experiments  was  made  with  phosphate 
of  iron.    In  a  hollowed-out  crucible  was  placed  the  requisite 
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amount  of  pure  phosphate  of  iron,  lime,  and  fluoride  of 
calcium,  and  in  another  the  former  substance,  together  with 
lime  and  silicic  acid;  both  crucibles  were  then  raised  to  the 
temperature  before-mentioned.  The  crucible  containing 
the  silicic  acid  showed  signs  of  having  been  corroded,  and 
the  fused  contents  were  crystallised  in  large  plates,  which 
were  very  friable.  The  crucible  containing  the  fluoride  of 
calcium  had,  on  the  other  hand,  remained  nearly  intafH:; 
the  melted  mass  could  be  flattened  out  under  the  hammer, 
and  gave  a  very  uniform  fraflure.  The  produ(5t  from  the 
former  crucible  contained  about  three  times  as  much  phos- 
phorus as  that  from  the  latter. 

When  working  with  phosphatic  ores  containing  small 
amounts  of  phosphorus— as  phosphate  of  iron — we  obtain, 
on  substituting  fluoride  of  calcium  for  silicic  acid,  a  de- 
cidedly better  produt^.  The  advantage  derived  is,  however, 
the  smaller  the  less  the  quantity  of  phosphate  present  in 
the  ore. 

Not  alone  phosphates  dissolve  in  fluoride  of  calcium 
without  decomposition  ;  sulphates,  arsenates,  &c.,  comport 
themselves  similarly.  Alumina  and  analogous  substances 
are  likewise  dissolved  under  these  circumstances,  and  are 
to  be  found  in  the  slag,  without  silicic  acid  having  been 
used  as  a  vehicle.  In  faiil,  the  power  of  fluoride  of  calcium 
to  take  up  aluminium  had  already  enabled  Caron  to  prepare 
well -developed  crystals  of  corundum. 


GJERS'S    MANUFACTURE    OF    CAST-STEEL   AND     HOMO- 
GENEOUS   IRON.* 

In  treating  puddled  steel,  raw  steel,  and  puddled  iron  for 
the  produtftion  of  cast-steel  and  homogeneous  iron,  the 
material  to  be  treated  has  usually  been  (at  great  expense) 
balled  and  shingled  to  clear  it  from  the  cinder,  and  sub- 
sequently generally  rolled  into  bars,  cut  up  in  pieces  and 

*  The  Mechanic's  Magaiine,  Aug.  14,  1868. 
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re-melted.  According  to  an  invention  recently  patented  by 
Mr.  John  Gjers,  of  Middlesborough,  when  crude  iron  or 
refined  iron  is  caused,  through  the  ai5lion  of  iron  cinder  or 
other  additional  matter,  to  hoil  and  to  come  to  nature,  the 
material  is  transferred  under  treatment  from  the  puddling, 
even  before  the  process  of  balling.  By  re-melting  or  keeping 
Quid  the  material,  it  is  caused  to  separate  from  the  cinder 
and  to  attain  an  uniform  quality  ready  to  run  into  ingots. 
Thus  Mr.  Gjers  melts  crude  pig-iron,  or  refined  iron,  or  re- 
carburised  puddled  iron,  and  works  it  in  the  usual  way  in  a 
puddling  furnace,  and  causes  it  through  the  a(5tion  of  rich 
pure  iron  cinder,  or  other  additional  matter  commonly  used 
when  making  puddled  steel— such,  for  instance,  as  man- 
ganese and  salt — to  boil  and  to  come  to  nature  in  the 
manner  adopted  for  making  puddled  steel  or  puddled  iron. 
At  or  before  the  stage  called  top-boil,  just  before  the  metal 
begins  to  thicken  and  to  come  to  nature,  but  before  the 
stage  when  it  is  fit  or  ready  for  boiling-up,  the  material 
under  treatment  is  tapped  with  as  much  of  the  cinder  as 
cannot  at  this  period  of  the  process  be  separated.  It  is 
transferred  into  receptacle,  in  a  reverberatory  furnace  on 
Siemens's  regenerative  principle.  It  may  also  be  run  on  to 
the  open  hearth  of  a  reverberatory  gas  furnace,  which  may  be 
either  on  Siemens's  regenerative  plan  or  on  the  blowpipe  plan, 
in  which  gas  is  used  in  conjuniftion  with  a  hot  blast.  The 
essential  feature  of  the  furnace  to  be  employed  is  that  it 
should  be  capable  of  producing  a  temperature  sufficiently 
high  to  melt  steel  or  homogeneous  iron,  and  it  is  also  im- 
portant that  the  flame  should  be  capable  of  regulation  to 
either  an  oxidising  or  a  carbonising  flame. 

Here,  in  the  reverberatory  furnace,  Mr.  Gjers  allows  the 
transferred  metal  in  a  fluid  state  to  remain  at  rest  for  a 
length  of  time  exposed  to  a  neutral  or  to  a  carbonising  or  an 
oxidising  heat,  according  as  the  crude  steel  metal  requires 
more  or  less  decarbonising,  the  heat  being  sufGcient  to  keep 
it  perfetflly  fluid  until  the  metal  has  thoroughly  separated 
from  the  cinder,  which  will  float  on  the  top,  and  until  it  has 
arrived  at  the  requisite  point  of  carbonisation  to  form  the 
steel  or  homogeneous   iron  which  may  now  be  tapped  into 
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ingot  moulds.  Or  the  cinder  may  first  be  tapped  or  removed, 
and  other  flux  (such  as  oxides  of  iron  and  manganese  in  the 
shape  of  pure  ores  of  those  metals)  may,  if  necessaiy,  be 
added  to  assist  in  decarbonising  and  to  protei5t  the  metal. 
To  the  metal  may  be  added  a  certain  quantity  of  either 
wrought  or  crude  iron,  of  the  shape  of  spiegel  iron  or  other 
matter  (manganiferous),  so  as  to  arrive  at  the  point  of  car- 
bonisation and  temper  desired. 

As  far  as  possible  the  process  is  regulated  so  that  the 
transference  from  the  puddling  furnace  may  be  made  at  such 
a  period  of  the  coming  to  nature  as  will  enable  the  metal, 
after  having  been  made  thoroughly  fluid  and  remained  so 
sufficiently  long'to  decarbonise  in  the  reverberatory  furnace,  to 
be  obtained  without  addition  of  malleable  iron  or  ore  at  the 
degree  of  decarbonisation  desired.  If  the  proper  precautions 
are  taken  to  boil  and  to  work  the  iron  well  in  a  suitable 
cinder  in  the  puddling  furnace,  it  will  generally  be  pure 
enough  for  steel.  At  the  last  stage  of  fluidity,  while  it  is 
yet  fluid  enough  to  run,  and  just  when  it  is  about  to  congeal 
or  come  to  nature,  it  still  contains  about  2  per  cent  too 
much  carbon.  By  transferring  and  exposing  it,  for  three  or 
four  hours,  in  the  reverberatory  furnace  in  a  liquid  state  to  a 
neutral  or  slightly  oxidising  flame  under  a  cover  of  oxidising 
cinder,  this  excess  of  carbon  gradually  works  off,  and  when 
it  is  worked  down  to  the  point  desired  (which  may  be  ascer- 
tained by  testing  samples)  it  is  tapped  into  ingots.  To 
temper  and  improve  the  steel  or  homogeneous  iron,  in  most 
cases  before  tapping  the  metal  a  small  proportion  of  man- 
ganese in  some  of  its  combinations  is  added. 

It  has  been  found  beneficial  to  let  the  metal  decarbonise 
to  an  extent  slightly  below  the  desired  degree  of  carbonisation 
of  the  steel  or  homogeneous  iron,  and  then  to  improve  and 
re-carbonise  the  metal  by  adding  a  small  proportion  of 
spiegel  iron,  amounting  to  about  I  per  cent  of  the  whole. 
The  carbon  may,  in  some  cases,  be  partly  reduced  by  the 
addition  of  wrought-iron,  or,  it  may  be,  other  malleable  iron 
in  any  form  containing  less  carbon  than  the  desired  steel. 
In  pra<5tice,  it  has  been  found  advantageous  for  this  purpose 
to  make  use  of  scrap  bars,  blooms,  or  balls  in  a  heated  state, 
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which  are  gradually  introduced  and  melted  with  the  fluid 
metal  tapped  from  the  puddling  furnace.  In  some  cases, 
cast-steel  or  homogeneous  iron  is  made  by  using  ordinary 
puddle  balls  in  combination  with  the  fluid  metal  tapped  from 
the  puddling  furnace,  for  which  purpose  it  is  found  con- 
venient to  partially  tap  or  transfer  the  contents  of  the 
puddling  furnace  just  before  the  metal  comes  to  nature,  and 
to  allow  one-half  less  or  more  of  its  contents  to  run  out 
into  the  reverberatory  melting  furnace.  The  rest  may  be 
allowed  to  continue  working  in  the  puddling  furnace  until  it 
has  thoroughly  come  to  nature,  and  has  become  malleable, 
and  the  cinder  has  dropped,  when  it  may  be  transferred 
either  by  shovels  or  in  lumps  and  added  to  the  fluid  metal 
previously  tapped  from  the  puddling  furnace  on  to  the  hearth 
of  the  reverberatory  melting  furnace. 

The  whole  of  the  metal  thus  mixed,  after  being  thoroughly 
fluidified  and  brought  to  the  desired  point  of  carbonisation 
in  the  reverberatory  steel  melting  furnace,  may  then  be  run 
into  ingots ;  or  four  or  more  puddling  furnaces  may  be  em- 
ployed to  one  melting  furnace,  and  the  entire  contents  of 
one  or  several  of  the  puddling  furnaces  may  be  transferred 
before  the  period  of  coming  to  nature  while  yet  fluid,  and 
the  contents  of  the  remaining  furnaces  may  be  transferred 
after  the  contents  have  got  into  nature ;  the  entire  contents 
of  the  whole  of  the  puddling  furnaces  may  then  be  melted 
together  in  the  steel  melting  furnace ;  or  the  crude  steel  metal 
tapped  from  the  puddling  furnace  at  the  period  named  may, 
particularly  when  it  is  desired  to  treat  it  in  crucibles,  be  run 
into  moulds  as  flat  cakes,  which,  being  broken  in  pieces,  may 
be  re-melted  in  crucibles  {or  in  the  reverberatory  furnace)  in 
conjunction  with  malleable  iron  or  with  iron  ore  to  form  steel. 


PROCESS  FOR  CASTING  6TEEL  UNDER  HIGH  PRESSURE. 

By  JAUBS  Henderson.* 

It  is  well  known  that  cast-steel  run  into  moulds  is  subjeA 

to  blister,  and  is  otherwise  porous,  which  defe(5t  reduces 

*  Scientific  American,  Maya,  iS63. 
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considerably  its  toughness.  In  order  to  give  the  metal  its 
requisite  tenacity,  it  is  subsequently  re-heated  and  then 
rolled  and  hammered.'  As  many  articles,  such  as  cannon, 
cannot  be  treated  in  this  manner,  I  have  devised  to  submit 
them  to  a  high  pressure,  while  in  a  liquid  state,  inclosed  in 
their  sand  moulds  maintained  in  iron  flasks.  For  this  pur- 
pose, immediately  after  running  a  cannon,  I  cover  hermeti- 
cally the  head  by  a  metallic  cap,  by  means  of  bolts  or  other 
devices  attached  to  the  flask.  This  cap  is  fitted  in  its  centre 
with  a  vertical  pipe,  and  provided  with  a  cock  at  lower  ex- 
tremity, while  its  upper  extremity  is  closed  by  a  washer 
pressed  with  a  bolt  in  such  a  manner  as  to  adt  as  a  safety 
valve.  Before  attaching  the  cap  at  supposing  an  inch  from 
the  surface  of  the  liquid  metal,  I  introduce  in  the  vertical 
pipe  and  between  the  cock  and  the  washer,  a  charge  of  about 
^  of  an  ounce  of  gunpowder,  in  the  proportion  of  eighty  parts 
of  saltpetre  and  twenty  of  charcoal,  with  no  sulphur.  On 
opening  the  cock  this  powder  falls  on  the  metal,  ignites,  and 
engenders  about  J  of  a  cubic  foot  of  gas  at  1400°  C.  These 
gases  exert  on  the  liquid  metal  a  pressure,  which  is  trans- 
mitted through  the  entire  mass,  thereby  condensing  the 
same  and  expelling  the  blisters.  The  effect  thus  produced 
is  equivalent  to  the  pressure  of  a  head  of  liquid  metal  go  feet 
high,  admitting  that  the  capacity  between  the  cap  and  the 
surface  of  the  metal  contains  30  cubic  inches.  By  making 
the  flasks  sufficiently  strong,  the  charges  of  powder  may  be 
varied,  so  as  to  produce,  by  its  ignition,  a  uniform  and 
general  pressure,  which  is  preferable  to  the  partial,  irregular, 
and  momentary  adlion  of  a  hammer. 


MR.    BESSEMER'S    NEW     SYSTEM     OP    HIQH-PRE&SURE 

HOT-BLAST  FURNACES.* 
Under  the  title  of  "  Improvements  in  the  manufafture  of 
cast-steel  and  homogeneous  malleable  iron,  and  the  fusion 

*  The  Engineer,  July  9,  1B69. 
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or  melting  of  different  kinds  or  qualities  of  iron  and  steel 
and  their  alloys,  and  also  in  the  constniAton  and  mode  of 
working  the  furnaces  and  apparatus  employed  for  such 
purpose,"  Mr.  Bessemer  has  recently — loth  of  May  last — 
filed  the  specification  of  another  invention,  which  is  said  to 
be  of  great  importance.  Its  main  features  may  be  regarded 
as  an  embodiment,  for  the  purpose  of  fusing  malleable  iron 
and  steel,  of  the  experience  gained  by,  and  principles  proved 
in,  the  Bessemer  converter.  It  has  long  been  understood 
that  Mr.  Bessemer  has  been  direfting  his  rare  ingenuity  to 
some  good  plan  for  melting  old  rails  and  similar  work  ;  and 
we  suppose  that  this  patent,  forming  by  its  length  almost  a 
volume  on  metallurgy,  is  one  of  the  principal  results.  The 
system  also  appears  to  have  already  been  thoroughly  worked 
out  in  pradlice.  Mr.  Bessemer  first  of  all  refers  to  what  is 
really  the  distinguishing  feature  of  his  converter — the  rapid 
way  in  which  it  produces  the  required  heat : — "  Intensity  of 
heat,  rather  than  quantity,  is  the  condition  essential  to  the 
successful  working  of  furnaces  employed "  in  melting 
wrought-iron  or  steel  containing  little  carbon.  A  substance 
which  requires  3000'  of  temperature  to  produce  fusion  may 
be  kept  at  a  temperature  of  2900°  for  whole  days  in  succes- 
sion without  becoming  thoroughly  melted,  when  the  mere 
addition  of  only  100°  or  200°  of  heat  would,  in  that  particular 
case,  have  produced  a  complete  fusion  of  the  substance  in  a 
very  short  period  of  time.  In  order  to  obtain  this  intensity, 
or  rapid  development  of  the  heat  required,  Mr.  Bessemer 
has  recourse  to  air  at  both  a  high  temperature  and  a  high 
pressure.  Atmospheric  air  and  other  gaseous  fluids  in  a 
heated  state  acquire  a  still  higher  degree  of  temperature  by 
their  compression  "  into  a  smaller  space,"  "  such  increase  of 
temperature  being  in  proportion  to  their  reduced  bulk,  or  to 
the  number  of  atmospheres  forced  into  the  space  usually 
occupied  by  one."  He  therefore  constructs  furnaces  of 
sufficient  strength  to  withstand  an  internal  pressure  of  two 
or  more  atmospheres,  observing  that  he  does  not  propose  by 
this  means  to  generate  a  greater  quantity  of  heat  by  the 
combustion  or  union  of  a  given  quantity  of  carbon  and 
oxygen  than  is  obtained  by  such  means  in  well  construed 
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furnaces;  for  the  compression  of  the  gaseous  produfts  of 
combustion  within  a  furnace  does  not  generate  heat,  but 
merely  concentrates  into  a  smaller  space,  and  gives  greater 
intensity  to  the  same  quantity  or  number  of  units  of  heat  as 
would  have  existed  in  a  more  diffused  state  had  not  pressure 
been  applied.  Hence,  wherever  the  temperature  produced 
by  the  combustion  of  fuel  in  ordinary  furnaces,  having  a  free 
escape  to  the  chimney,  is  sufficient  for  any  desired  objeft — 
as,  for  instance,  the  evaporation  of  water  in  steam  boilers — 
a  loss  would  be  sustained  by  compressing  the  gaseous  pro- 
dutfls  of  combustion  in  such  furnaces,  for  the  amount  of 
engine  power  required  to  compress  the  gases  would  exceed 
the  power  obtained  from  the  increased  quantity  of  steam 
generated  in  consequence  of  such  compression,  all  other  con- 
ditions  being  equal.  But  when  the  highest  temperature 
produced  in  ordinary  furnaces  with  a  free  escape  is  atftually 
less,  or  where  it  only  by  small  amounts  exceeds  the  tem- 
perature absolutely  required  in  any  process,  the  case  is 
entirely  altered.  Though  a  very  high  temperature,  de- 
pendent on  the  pressure  used,  may  be  thus  produced,  Mr. 
Bessemer  prefers,  in  order  to  have  a  moderate  wear  and 
tear  in  the  funjace,  a  moderately  rapid  fusion.  He  states 
that,  "  in  a  small  furnace  using  coke  as  fuel,  with  a  cold 
blast  of  20  lbs.  per  square  inch  and  a  pressure  of  i7j-  lbs.  in 
the  furnace  over  that  of  the  external  atmosphere,  small  test 
pieces  of  cold  wrought-iron  were  fused  with  great  rapidity. 
For  example,  a  piece  of  2  in.  square  wrought-iron  bar 
12  in.  long,  weighing  13  lbs.,  was  introduced  cold  into  the 
furnace  and  was  completely  fused  in  five  and  a  half  minute^. 
In  the  same  small  furnace  3  cwts.  of  wrought-iron  scrap  were 
put  in  cold,  and  were  poured  fluid  from  the  furnace  after  an 
interval  of  fifteen  minutes.  The  furnace  was  then  working 
with  an  average  internal  pressure  of  15  lbs.  to  16  lbs.  per 
square  inch  in  excess  of  the  pressure  of  the  external  atmo- 
sphere." 

He  believes  "  that  a  pressure  of  20  lbs.  to  30  lbs.  over  that 
of  the  external  atmosphere  will  be  found  the  most  economical 
in  practice,  for  it  is  probable  that  if  a  much  greater  pressure 
is  employed  it  would  raise  the  temperature  so  high  as  to 
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drive  the  iron  rapidly  off  in  the  form  of  vapour,"  as,  in  fatfl, 
generally  occurs  towards  the  end  of  the  process  in  the 
ordinary  Bessemer  converter. 

The  materials  to  be  melted  in  these  furnaces  are  puddled 
iron  or  steel,  finished  iron  or  puddled  steel  bars  cut  into 
lengths,  or  steel  purified  \fy  nitrate  of  soda,  the  crop  ends  of 
rails,  old  rails,  ladle  sculls,  and  other  scrap.  They  are  also  to 
be  employed  in  melting  up  the  mixed  steely  metal  for  casting 
railway  crossings,  wheels,  bells,  anvil  blocks,  stamp  heads, 
guns,  mortars,  and  other  articles. 

The  system  is  to  be  applied  to  cupola  furnaces,  crucible 
furnaces,  and  reverberatory  furnaces.  In  all  these  cases 
the  outer  shell  is  preferably  made  of  iron  or  steel  boiler 
plate,  with  all  the  joints  well  caulked  and  made  air-tight, 
and  sufficiently  strong  to  resist  the  internal  pressure,  though 
cast-iron  shell  may  also  be  used.  The  furnace  is  to  be  lined 
with  Stourbridge  fire-brick,  Dinas  bricks,  plumbago,  or  also 
ground  ganister,  on  the  plan  now  adopted  for  the  Bessemer 
converter.  To  fuse  wrought-iron  or  steel  without  so  much 
reference  to  purity  as  to  cheapness,  Mr.  Bessemer  prefers  to 
apply  this  system  to  a  cupola  furnace,  having  a  dome  through 
which  the  metal  and  fuel  are  admitted.  TJie  circular  door 
is  carried  on  a  movable  iron  arm,  which  itself  carries  an 
upright  cylinder  with  a  movable  bottom,  and  into  which  the 
charge  of  fuel  and  metal  is  put  to  be  fed  in.  To  preserve 
the  door  from  the  heat  and  prevent  leakage  of  flame  and 
gases,  a  hollow  channel  is  made  round-  the  door  frame,  into 
which  steam  or  air,  at  a  higher  pressure  than  that  within 
the  furnace  is  conveyed.  The  escape  opening  for  the  pro- 
dudls  of  combustion  can  be  altered  in  area  by  the  insertion 
of  small  pieces  of  fire-clay.  Several  fire-clay  tuyeres  are 
used  for  conveying  the  heated  blast,  which  is  also  at  a 
pressure  from  2  to  6  lbs.  higher  than  that  in  the  furnace.  A 
plan  is  also  shown  whereby  powdered  materials  may  be 
conveyed  by  the  blast  into  the  furnace.  The  cupola  can  be 
taken  in  two  in  order  to  be  able  to  line  it,  in  the  same  way 
as  the  Bessemer  converters  are  lined.  To  show  the  trans- 
formation operated  on  the  ordinary  cupola  furnace  by  Mr. 
Bessemer,  we  have  chosen  this  form  for  illustration,  though 
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the  cupola  on  trunnions,  like  the  ordinary  Bessemer  con- 
verter, may  be  regarded  as  a  more  perfedl  ^ape. 

Pig.  125  is  a  vertical  sei5lion  on  the  line  a  B  of  Fig.  126  ; 
Fig  126  is  a  horizontal  seftion  on  the  line  c  d  of  Fig.  125  ; 
Fig.  127  is  a  front  elevation  of  the  furnace;  and  Fig.  128  a 
plan  of  the  upper  part  of  the  same;  and  Figs.  129  and  130 
vertical  se^ions  of  the  escape  aperture,  a  is  the  outer 
shell  of  the  furnace,  formed  of  strong  plates  of  iron,  riveted 
and  caulked  air-tight,  and  having  gusset  pieces,  a*  to 
strengthen  the  bottom  of  it ;  b  is  an  internal  lining  of  fire- 
brick, plumbago,  ganister,  or  other  refradtory  material ;  c,  c 
are  fire-clay  tuyeres  moulded  square  externally,  and  having 
a  round  hole  through  them  for  the  passage  of  the  blast ; 
they  are  inserted  through  the  square  iron  frames,  d,  which 
are  secured  by  counter-sunk  rivets  to  the  shell,  a,  and  are 
bevelled  on  the  inside  ;  the  outer  end  of  the  tuyeres,  c,  are 
enlai^ed  or  made  taper,  and  the  space  between  this  enlarged 
part  and  the  bevelled  sides  of  the  frames,  d,  is  caulked  with 
iron  cement  (iron  borings  and  sal-ammoniac),  so  that  the 
escape  of  gases  from  the  furnace  around  the  tuyeres  is  pre- 
vented, and  the  pressure  of  the  flanges,  e,  of  the  blast  pipes,/, 
against  the  enlarged  end  of  the  tuyeres  is  also  prevented 
from  forcing  the  tuyeres,  c,  into  the  furnace  by  reason  of  its 
enlarged  end  and  the  iron  cement  around  it,  while  the  blast 
pipe  flanges,  e,  by  being  bolted  to  the  iron  frames,  d,  also 
prevent  the  internal  pressure  acting  on  the  end  of  the  tuyeres 
from  driving  them  outward ;  the  blast  pipes,  /,  are  bolted  to 
the  main  air  trunk,  g,  by  flanges,  /*.  An  equilibrium  valve 
is  placed  in  the  main  pipe,  g*,  near  to  the  furnace,  by  means 
of  which  the  blast  may  be  turned  on,  or  off,  or  moderated. 
The  feeding  door  of  these  furnaces  is  so  small  that  it  is 
necessary  to  provide  a  special  means  of  entering  the  furnace 
for  re-lining  the  interior  from  time  to  time  for  the  purpose 
of  giving  convenient  access  to  all  parts  of  the  interior.  The 
furnace  is  divided  into  two  parts  by  massive  angle  flanges, 
h,  h,  which  are  faced  so  as  to  form  an  air-tight  joint,  and 
are  secured  together  by  bolts  and  nuts,  as  shown  at  A*. 
When  the  furnace  is  to  be  repaired,  the  upper  part  may  be 
lifted  off  with  a  crane,  when  the  lower  part  will  he  readily 
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accessible.  A  small  flange,  a',  prevents  the  brick-work  of 
the  upper  part  from  being  displaced  when  lifted  off.  The 
furnace  is  provided  with  a  spout,  t,  lined  with  loam  for  con- 
ducting the  metal  into  the  casting  ladle.  A  door,  j,  is 
formed  at  this  part,  having  only  a  small  opening  in  it.  By 
unbolting  the  door  and  removing  part  of  the  lining  the  fur- 
nace may  be  cleaned  out,  the  lining  being  afterwards  made 
up  as  in  ordinary  cupola  furnaces,  or  a  conical  piece  of  fire- 
brick, as  shown  at  n,  may  be  inserted,  so  that  when  the 


metal  is  to  be  drawn  off  from  the  furnace  the  workmen,  in- 
stead of  having  to  drive  a  hole  through  the  solid  material 
with  a  pointed  bar,  will  simply  drive  the  cone,  n,  into  the 
furnace,  and  thus  open  a  passage  at  once  equal  to  the  size 
of  piece  attached.  A  small  cross  bar  and  screw  may  be 
employed  to  prevent  the  accidental  blowing-out  of  the  cone, 
the  bar  extending  across  the  door,/,  and  the  screw  pressing 
against  the  small  end  of  the  cone,  n. 

In  order  to  secure  the  feeding   door  against  a  leakage  of 
the  produces  of  combustion  and  against  the  force  tending  to 
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force  it  open,  on  the  upper  or  crown  plate  or  dome,  «*,  of 
the  furnace  is  riveted  a  stout  ring  of  iron,  p,  around  which  a 
hoop,  r,  is  tightly  shrunk  on,  leaving  a  space  or  annular 
channel,  s,  in  which  water  circulates,  for  the  purpose  of 
keeping  it  cool.  The  water  is  supplied  by  the  pipe,  o,  and 
after  circulating  round  the  ring,  p,  it  escapes  by  the  pipe,  q ; 
the  ring,  p,  is  also  further  protedled  by  the  lining  of  the  fur- 
nace, as  shown  at  6*. 

Fig.  129.  Fig.  128.  Fig.  130. 


The  frame,  «,  has  a  channel,  x,  formed  around  its  exterior 
surface,  over  which  a  hoop  of  iron,  w,  is  shrunk,  so  as  to 
complete  the  annular  passage,  x.  The  lower  surface  of  the 
frame,  «,  rests  on  the  upper  surface  of  the  ring,  p.  The 
under-side  of  the  frame,  «,  has  a  small  V-shaped  groove 
turned  in  it,  and  at  about  an  inch  apart  all  round  this  groove 
small  holes  are  drilled,  which  pass  upward  at  an  angle  and 
conneft  the   V-shaped  grooved  channel  with  the   annular 
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space,  X.  A  pipe,  z*,  condudls  air  from  the  main  blast  pipe 
into  the  channel,  x,  which  passes  thence  down  the  numerous 
small  drilled  channels,  and  thus  supplies  air  under  pressure 
to  the  V-shaped  groove  before  named.  Now  the  pressure 
of  the  blast  exceeds  the  pressure  of  the  gases  within  the 
furnace;  consequently,  any  imperfection  in  the  fitting  of 
the  door-frame,  «,  down  upon  the  upper  ring,  p,  of  the  fur- 
nace, instead  of  allowing  the  highly-heated  gases  to  escape 
and  ai5l  destruiflively  on  the  metal  fittings,  such  gases  are 
prevented  from  escaping,  because,  in  case  of  imperfei5t 
fitting  of  the  metallic  surfaces,  the  air  under  pressure  in  the 
V-shaped  groove  will,  by  reason  of  its  superior  pressure, 
force  its  way  between  the  imperfect  joint,  partly  escaping  in 
the  upper  part  of  the  furnace  and  partly  into  the  external 
atmosphere. 

In  order  to  remove  the  door,  »,  from  the  mouth  of  the 
furnace,  and  readily  replace  it  as  required,  a  sort  of  crane 
arm  is  employed,  consisting  of  two  stout  plate  iron  cheeks, 
A,  A,  bolted  to  the  crane  post,  b  ;  this  latter  is  supported  at 
its  lower  end  in  a  socket,  c,  bolted  to  the  angle  flange,  k. 
The  upper  end  of  the  crane  post  is  supported  by  a  strong 
bracket,  d,  having  a  hole  through  it,  in  which  the  crane 
post  turns;  at  e  is  a  movable  collar  fitting  into  a  journal 
formed  on  the  crane  post  for  the  purpose  of  preventing  the 
crane  post  from  lifting  upward  when  pressure  is  applied  to 
the  furnace  door ;  between  the  cheeks,  a,  a  piece  of  iron.  A*, 
is  firmly  bolted,  having  a  slot  in  the  centre,  in  which  a  worm 
wheel,  G,  is  fitted.  This  wheel  and  its  elongated  bosses, 
G*,  form  also  a  screw  nut,  through  which  the  screw,  h, 
works,  a  square  part,  h*,  being  formed  on  the  upper  end  of 
the  screw,  to  prevent  its  turning  round,  but  not  preventing 
its  free  motion  upward  or  downward  through  the  block  of 
iron,  A*,  the  holes  in  which  are  of  a  diameter  equal  to  the 
largest  diameter  of  the  screw,  and  have  no  internal  threads 
formed  in  them,  the  holes  merely  acting  as  guides  for  the 
screw,  H,  which  carries  on  its  lower  end  a  plate  fitting  loosely 
inside  a  flanged  ring,  k,  which  is  secured  by  bolts  to  the 
upper  plate  of  the  furnace  door.  The  objeft  of  the  ring,  k, 
and  the  loosely  fitting  plate  is  to  cause  the  door  when  lifted 
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to  be  suspended  in  a  horizontal  position.  The  freedom  thus 
given  to  the  door  is  for  the  purpose  of  allowing  it  always  to 
find  its  proper  bearing  on  the  ring,/,  the  end  of  the  screw,  H, 
then  coming  in  contadl  with  the  upper  plate,  «,  of  the 
door  will  bind  it  firmly  on  its  seat.  For  this  purpose  the 
handles,  l,  are  mounted  on  the  shaft,  n,  which  also  carries 
the  worm,  p ;  this  worm  gears  into  the  worm  wheel,  o,  by 
the  rotation  of  which  the  screw,  H,  is  made  to  rise  and  fall 
without  rotation,  carrying  with  it  the  door,  u.  Two  stops 
may  be  used  to  prevent  the  crane  arm  from  being  moved 
too  far  in  either  direction. 

For  the  introdu<5lion  of  fuel  and  metal  into  the  furnace 
there  is  used  a  vertical  feeding  cylinder,  i,  made  of  thin 
plate  iron,  secured  by  a  strong  iron  bracket,  o,  to  the  crane 
arm.  The  lower  part  of  the  cylinder,  i,  has  a  plate,  q 
(Fig.  137)  fitted  to  it.  The  plate,  q,  is  keyed  on  to  an  up- 
right spindle,  r,  supported  by  bearings,  s,  attached  to  the 
side  of  the  cylinder,  the  upper  end  of  the  spindle  having  a 
handle,  T,  by  means  of  which  the  plate,  Q,  is  made  to  close 
or  open  the  bottom  end  of  the  cylinder. 

While  the  furnace  is  under  blast,  the  workmen  will  put  a 
charge  of  coke  or  other  fuel  into  the  cylinder,  and  along 
with  it  the  scrap  or  other  malleable  metal  to  be  fused,  and 
when  the  cylinder  is  filled  the  blast  may  be  turned  off,  the 
handles,  L,  put  in  motion,  and  the  door,  u,  lifted  sufficiently 
to  allow  the  crane  arm  to  be  moved  round  until  the  feeding 
cylinder,  i,  is  brought  vertically  over  the  mouth  of  the  fur- 
nace. A  slight  movement  of  the  handle,  T,  will  remove  the 
plate,  o,  from  beneath  the  cylinder,  and  allow  all  the  fuel 
and  metal  to  fall  at  once  into  the  furnace.  The  crane  arm 
is  then  quickly  moved  back  into  its  former  position,  and  the 
door  is  again  forced  down  by  turning  the  handles.  Imme- 
diately after  the  closing  of  the  furnace  the  blast  is  turned 
on,  and  the  operations  of  the  furnace  resumed,  and  at  such 
intervals  as  is  found  necessary  the  same  operation  may  be 
repeated.  In  the  plan.  Fig.  138,  the  crane  arm  is  shown  in 
the  position  it  occupies  during  the  time  that  the  fuel  is 
being  discharged  into  the  furnace.  The  plate,  Q,  is  also 
shown  removed  from  under  it.     Mr.   Bessemer  prefers  to 
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take  the  supply  of  air  to  the  door,  «,  from  the  main  blast 
pipe  at  a  point  where  the  equilibrium  valve  does  not  shut 
off  the  supply.  The  air  will  thus  continue  to  flow  during 
the  time  the  fuel  is  being  supplied  to  the  furnace,  and  the 
adl  of  moving  the  door  again  over  its  seat  will  cause  the 
numerous  jets  of  air  from  the  small  drilled  passages  before- 
named  to  blow  away  with  considerable  force  all  small  par- 
ticles of  fuel  or  other  matter  from  the  surface  against  which 
the  door  fits. 

In  order  to  admit  of  the  motion  of  the  crane  arm,  and  to 
continue  the  connection  with  the  air  supply,  the  pipe,  2,  is 
taken  to  the  top  of  the  crane  post,  and  is  there  jointed  to  the 
pipe,  2* ;  this  piece  of  pipe,  2*,  is  made  of  thin  copper  or 
pewter,  and  will  spring  sufficiently  to  allow  of  the  slight  rise 
and  fall  of  the  furnace  door.  One  of  the  chief  peculiarities  of 
this  mode  of  working  furnaces  under  a  high  pressure  of  the 
gaseous  products  within  them,  is  the  outlet  for  the  escape 
of  flame,  so  different  to  the  ordinary  cupola  furnace,  where 
the  outlet  is  generally  equal  to  the  full  diameter  of  the  fur- 
nace. When  working  under  pressure  in  one  of  these  high- 
pressure  furnaces,  an  opening  of  2J  inches  in  diameter  has 
been  found  sufficient  for  a  furnace  whose  transverse  arc 
is  572  square  inches,  the  outlet  being  about  144th  part  of  the 
sectional  area  of  the  furnace.  Thus  it  has  been  found  that 
with  an  internal  pressure  of  16  lbs.  to  18  lbs.  per  square 
inch  in  excess  of  the  atmospheric  pressure,  i  square  inch 
area  of  outlet  may  be  reckoned  approximately  as  the  area 
required  for  every  2  cwts.  of  coke  burned  per  hour  in  such 
furnaces. 

The  outlet  of  the  furnace  at  u,  in  its  simplest  form,  con- 
sists of  a  square  block  of  flre-brick,  having  a  round  hole  in 
it  of  the  desired  size.  It  is  made  with  a  shoulder  externally, 
which  abuts  against  the  interior  of  the  casing,  a,  to  prevent 
its  being  forced  out  by  internal  pressure ;  a  slight  difference 
in  the  area  of  the  outlet  materially  affefts  the  condition  of 
the  furnace.  In  Fig.  izg  is  a  vertical  sedtion  of  the  outlet 
block,  V,  having  two  internal  diameters,  forming  a  shoulder. 
Into  this  a  small  fire-clay  cylinder,  w,  is  put,  for  the  purpose 
of  contracting  the  area  of  outlet,  and  at  Fig.  130  a  similar 
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outlet  block  is  shown  at  x,  having  a  small  piece  of  moulded 
fire-brick,  Y,  inserted  therein,  and  projefting  sufficiently  to 
be  lifted  out  by  a  pair  of  tongs  and  be  replaced  by  other 
pieces  of  different  sizes.  In  both  figures  is  shown  a  flange 
plate,  z,  by  which  the  outlet  blocks  are  retained  in  place. 
By  unscrewing  this  flange  plate,  the  outlet  block,  when  too 
much  worn,  can  be  readily  replaced  by  a  new  one. 

The  amount  of  pressure  up  to  which  the  gaseous  products 
are  kept  within  the  furnace  will  depend  chiefly  on  the  regu- 
lation of  the  pressure  of  the  blast,  the  escape  aperture  being 
also  regulated  so  as  to  prevent  the  pressure  going  below  or 
getting  above  the  point  desired.  In  some  cases  the  escape 
of  the  flame  and  heated  matters  may  be  regulated  by  a 
loaded  valve,  the  face  of  which  is  formed  of  well-burned  clay, 
in  which  case  a  stop  may  be  provided,  so  as  to  prevent  the 
valve  from  entirely  closing. 

There  is  also  specified  and  illustrated,  as  before  stated,  a 
cupola  movable  on  trunnions,  but  embodying  a  similar 
mode  of  construdling  the  outer  shell  of  making  and  fixing 
the  tuyeres,  the  crown  and  upper  part  and  crane  post,  fur- 
nace door,  and  feeding  cylinder. 

The  fuel  used  in  these  furnaces  is  preferably  hard  coke 
or  anthracite  coal,  but  combustible  gases  may  also  be  used. 
The  gas  is  generated  in  the  ordinary  way,  and  forced  by  a 
blowing  engine  into  a  gas  receiver,  where  it  is  compressed. 
The  form  of  furnace  then  used  for  melting  steel  and  malle- 
able iron  by  gas  is  the  reverberatory,  of  brickwork,  as  usual, 
but  enclosed  in  a  strong  iron  casing,  with  a  door  on  the  plan 
described  for  the  cupola.  In  the  reverberatory  form  of  fur- 
nace liquid,  hydrocarbons  can  also  be  employed,  either 
alone  or  with  solid  fuel.  The  liquid  fuel  is  introduced  into 
the  blast  pipe  and  taken  in  by  the  blast  in  the  form  of  spray. 
The  metal  to  be  melted  may  be  protected  from  undue  oxi- 
dation by  coating  it  with  a  mixture  of  clay,  lime,  and  sand, 
with  or  without  red  ore  or  alkaline  salts.  Crucible  furnaces 
on  this  system  are  made  with  a  cylindrical  fuel  chamber, 
supplied  with  blast  in  the  same  manner  as  the  cupola 
furnace,  with  a  similar  regulation  for  the  pressure. 
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ON     LIQUID     FUEL,. 

By  Benjamin  H.  Paul,  Ph.D.,  F.C.S.* 
Besides  petroleum  several  other  analogous  materials  have 
been  proposed  as  substitutes  for  coal — for  instance,  the  oil 
obtained  by  distilling  particular  kinds  of  coal,  or  the  shale 
which  occurs  in  coal  formations,  and  more  recently  the  oil 
known  as  "  dead  oil,"  which  is  one  of  the  produdts  obtained 
in  reftifying  the  coal  tar  of  gas-works.  All  these  materials 
resemble  each  other  closely  in  being  composed  chiefly  of 
carbon  and  hydrogen,  which  are,  in  various  proportions,  the 
combustible  and  heat-producing  constituents  of  all  kinds  of 
fuel.  For  the  application  of  these  materials  and  liquid  fuel 
generally  various  methods  have  been  proposed,  but  before 
speaking  of  them  it  is  desirable  to  consider  what  is  the 
evaporative  power  of  these  materials  respeftively,  since  that 
is  a  very  important  point  to  determine  in  regard  to  the 
question  as  to  the  relative  merits  of  these  different  kinds  of 
fuel. 

The  heat  generated  by  combustion  has  been  made  the 
subjeifl  of  the  most  careful  investigation ;  and  since  the  time 
of  Lavoisier,  Laplace,  and  Rumford  the  more  precise 
measurement  of  the  amounts  of  heat  capable  of  being  pro- 
duced by  the  combustion  of  carbon  and  hydrogen  has  been 
repeated  by  several  physicists  with  results  which  agree  so 
closely  that  they  may  safely  be  regarded  as  well  established. 
The  names  of  Dulong,  Despretz,  Andrews,  Favre,  and 
Silbermann  are,  moreover,  an  unquestionable  guarantee 
that  these  results,  and  the  methods  by  which  they  were  ob- 
tained, are  perfeftly  trustworthy.  According  to  these  results 
the  maximum  heat-producing  capabilities  of  carbon  and 
hydrogen  are  in  the  ratio  of  I  to  4'5.  The  adlual  quantities 
of  heat  generated  by  the  combustion  of  a  pound  of  carbon  or 
of  hydrogen  are  as  follows  : — 

Relative  Calorific  Power. 

Poand.  Heat  Unit*. 

Carbon      .     .     .    i  14,500  I'oo 

Hydrogen.    .     .     r  62,032  4'28 

*  Read  before  the  Society  of  Arts,  Wednesdaj,  April  istll,  1869. 
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The  heat  unit  here  referred  to  is  the  quantity  of  heat 
which  raises  the  temperature  of  i  lb.  of  water  i°  P.  (From 
40°  to  41°).  Therefore,  the  numbers  given  in  the  table  repre- 
sent the  quantities  of  water  capable  of  being  heated  i'  F. 
by  the  conversion  of  i  lb.  of  carbon  into  carbonic  acid  gas, 
or  of  I  lb.  of  hydrogen  into  water.  As  there  are  in  the 
Fahrenheit  thermometric  scale  iSo"  between  the  freezing 
point  and  bqiling  point  of  water,  those  numbers  divided  by 
180  give  the  corresponding  quantity  of  water  capable  of 
being  heated  from  32°  to  212°  F.  Again,  the  quantity  of 
heat  required  to  convert  a  pound  of  water  at  3ia°  F.  into 
steam  of  the  same  temperature  is  nearly  five  and  a  half 
(more  exactly  5'37)  times  as  much  as  that  requisite  to  heat 
a  pound  of  water  from  the  freezing  point  to  the  boiling 
point ;  therefore,  the  quantities  of  steam  capable  of  being 
produced  from  water  at  212°  F.  by  the  total  heat  generated 
in  the  combustion  of  a  pound  of  carbon  or  of  hydrogen,  are, 
of  course,  ascertainable  by  dividing  the  number  of  pounds 
heated  from  32°  to  212°  F.  by  5'37.  These  several 
quantities  are  given  in  the  following  table : — 
QuAKTiTiBS  OF  Water 
„„„,  o,co.™^ta,e    J;j^,;» 

combuttion  of 


14,500  80*55  >^5'0  I  carbon. 

62,032  344*62  64*2  I  hydrogen. 

These  quantities  of  15  lbs.  and  64*2  lbs.  of  water  convertible 
into  steam  by  the  total  heat  generated  in  the  combustion  of 
a  pound  of  carbon  or  of  hydrogen  represent  what  is  termed 
the  "  theoretical  evaporative  powers  of  those  substances." 
By  the  term  theoretical,  however,  it  is  not  to  be  understood 
that  these  values  are  in  any  degree  imaginary  or  assumed  ; 
they  represent  adlual  fadls  which  have  been  established  as 
the  results  of  positive  observation,  and  they  are  theoretical 
in  reference  to  the  pradtical  application  of  fuel  only  in  this 
sense,  that  these  results  are  not  realised  in  ordinary  prataice. 
The  reason  of  this  is  not  the  existence  of  any  uncertainty 
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that  the  total  quantities  of  heat  generated  by  burning  a 
pound  of  carbon  or  a  pound  of  hydrogen  are  respectively 
capable  of  converting  15  lbs.  and  64*2  lbs.  of  water  at 
212°  F.  into  steam ;  but  it  is  simply  the  faift  that  under 
ordinary  circumstances  only  a  portion  of  the  total  heat 
generated  in  either  case  is  ever  available  for  the  produdlion 
of  steam.  The  statement  of  the  theoretical  evaporative 
power  of  fuel,  or  of  carbon  and  hydrogen  as  constituents  of 
fuel,  is,  therefore,  like  the  statement  of  relative  calorific 
power,  only  an  expression  of  the  relative  capabilities,  and 
it  indicates  In  this  respedt  a  limit  which,  though  it  cannot 
be  exceeded  in  any  case,  is  never  fully  attained  in  praiSice. 

In  order  to  ascertain  what  portion  of  the  heat  resulting 
from  the  combustion  of  carbon  and  hydrogen  is  available  for 
producing  steam,  it  is  necessary  to  consider  what  are  the 
conditions  under  which  fuel  is  usually  burnt,  and  what 
becomes  of  the  heat  generated  in  the  two  cases.  In  making 
this  inquiry  it  is  also  necessary  to  remember  that  the  several 
substances  concerned  in  the  combustion  of  fuel  require 
different  quantities  of  heat  to  produce  equal  increments  of 
temperature  in  equal  weights,  as  stated  in  the  following 
table  :— 

Quantities  of  Heat. 

One  pound  of  Heat  unili. 

Carbonic  acid  gas  requires    0"2I7 

Nitrogen  „      .    0*245 

Atmospheric  air         ,,      .    0"238  ■ 

Steam  „      .    0*475 

Water  „  rooo) 

Water  at  212"  F. '      ,,       966*100  for  conversion  into  steam. 

ft  will  be  seen  that  water  has  by  far  the  greatest  capacity 
for  heat  both  in  the  state  of  liquid  and  vapour,  and  that  a 
very  large  quantity  of  heat  is  rendered  latent  in  the  con- 
version of  water  into  steam. 

In  the  combustion  of  carbon  each  pound  requires  for  its 
conversion  into  carbonic  acid  gas  2*67  lbs.  of  oxygen,  which 
is  derived  from  atmospheric  air,  and  as  this  contains  only 
23  per  cent  by  weight  of  oxygen  it  is  necessary  to  supply 
about  X2  lbs.  (more  accurately  ii-6i  lbs.)  of  air  for  every 
pound  of  carbon  burnt. 
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In  the  combustion  of  hydrogen  8  lbs.  of  oxygen  are 
requisite  for  each  pound  of  hydrogen,  and  to  furnish  this 
about  35  lbs.  (more  accurately  3478  lbs.)  of  air  must  be 
supplied. 

But  fuel  is  never  burnt  for  raising  steam  in  such  a  way 
that  the  supply  of  air  is  only  just  sufficient  to  furnish  oxygen 
for  the  conversion  of  its  carbon  into  carbonic  acid  gas,  and 
of  its  hydrogen  into  water  vapour.  In  order  to  maintain 
combustion  it  is  necessary  to  remove  the  gaseous  produfts 
from  the  furnace,  as  well  as  to  supply  fresh  air  continually ; 
and  when  this  isleffedled,  asusual,  by  the  draught  of  a  chimney, 
the  gaseous  combustion  produAs  become  mixed  with  the 
fresh  air  to  some  extent.  The  effedt  of  this  intermixture 
would  be  to  retard  the  combustion  of  the  fuel  if  the  amount 
of  burnt  air  or  combustion  products  in  the  atmosphere  of 
the  furnace  exceeded  a  certain  proportion.  Consequently, 
it  is  necessary  to  prevent  this  by  supplying  more  air  than 
would  suffice  to  furnish  oxygen  for  combustion,  so  as  to 
dilute  the  combustion  produdls  and  maintain  an  excess  of 
oxygen  in  the  atmosphere  immediately  surrounding  the  fuel 
in  the  furnace.  Careful  observation  has  shown  that  in 
ordinary  boiler  furnaces  the  quantity  of  air  requisite  for  this 
purpose  amounts  to  as  much  as  that  requisite  for  effe<^ing 
the  chemical  change  which  takes  place  in  combustion,  so 
that  the  total  supply  of  air  to  such  a  furnace  is  usually  at 
the  rate  of  about  24  lbs,  per  pound  of  carbon  burnt,  and 
-  about  70  lbs.  per  pound  of  hydrogen  burnt. 

Under  ordinary  circumstances,  the  relation  between  the 
quantities  of  these  substances  burnt  as  fuel,  the  total  heat 
generated,  the  air  supply  requisite  for  supporting  combustion, 
and  the  furnace  gas  resulting  from  it  will  be  as  follows  : — 

Quantity 
Fuel.  burnt, 

lb. 

Carbon     .     .     .     i 
Hydrogen     .     ,     i 

The  heat  generated  in  either  case  is,  at  the  moment  of 
combustion,  transferred  to  the  gaseous  combustion  produdl, 
and  raises  its  temperature.     In  the  combustion  of  carbon 
3  c  2 


Air 

Total  heat 

Furnace 

23*22 

69-56 

14,500 
62,032 

70-56 
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the  whole  of  the  heat  is  efFedlive  in  this  way ;  but  in  the 
combustion  of  hydrogen  a  portion  of  the  heat  generated  is 
consumed  in  determining  the  vaporous  condition  of  the 
water  produced  in  the  proportion  of  9  lbs.  for  each  pound  of 
hydrogen  burnt.  As  i  lb.  of  water  at  212°  F.  requires 
966*1  heat  units  to  convert  it  into  steam  of  the  same  tem- 
perature, the  quantity  of  heat  which  becomes  latent  in  this 
way  amounts  to  8694"9  heat  units  (9  x  966*1)  per  pound  of 
hydrogen  burnt,  or  14  per  cent  of  the  total  heat  of  com- 
bustion. That  portion  of  the  heat  is  ineffective  either  for 
increasing  the  temperature  of  the  combustion  produ(5t  or  for 
producing  steam  in  the  boiler,  and  it  must  therefore  be  de- 
ducHied  from  the  total  heat  generated  in  order  to  ascertain 
the  amount  of  heat  available,  which  is  as  follows,  compared 
with  that  generated  by  the  combustion  of  carbon : — 

Latent  beat  Eqniralent 


Oantity  Total  he«t 
*■""'■    fl«l  units. 

of  water 

Available  evaporaiion 

v^>our  pro- 

heat.       of  water  at 
Heat  units.    aia-F. 

lb. 

Heat  Halts. 

Ibt. 

Carbon     . 

.      t           14,500 

— 

14,500            15      , 

Hydrogen 

.      I           62,032 

869s 

53.337         55 

Specific  heat, 
beat  units. 

Heat  unrti. 

0-217      = 

0-79639 

0-245       = 

2-19030 

0-238      = 

276318 

In  the  combustion  of  carbon,  under  the  conditions  above 
mentioned,  the  produt^s  constituting  the  furnace  gas  amount 
to  nearly  25  lbs.  per  pound  of  carbon  burnt,  and  they  require 
the  following  quantities  of  heat  to  raise  their  temperature 
1°  of  Fahrenheit's  scale :  — 

Pounils. 
Carbonic  acid  gas     .     .     .      3*67 

Nitrogen 8-94 

Surplus  air 11-61 

34-22  574987 

The  increase  of  temperature  resulting  from  the  combus- 
tion of  carbon  is,  therefore,  found  by  dividing  the  number  of 
heat  units  representing  the  total  quantity  of  heat  generated 
by  the  number  of  heat  units  requisite  to  raise  the  tempera- 
ture of  these  combustion  produAs,  &c.,  1°,  and  it  amounts 
to— 

2522=  F.  =  ^ 
In  the  combustion  of  hydrogen  under  the  same  conditions 
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the  produi5l8  constituting  the  furnace  gas  amount  to  about 
70  lbs.  per  pound  of  hydrogen  burnt,  and  they  require  the 
following  quantities  of  heat  to  raise  their  temperature  i"  of 
Fahrenheit's  scale : — 

Specific  beat. 
Founds.  Heat  unit*.        Heat  nnils. 

Water  vapour g'oo     x  0*475     =     4*27500 

Nitrogen  gas 2678     x  0*245     =     6*56110 

Surplus  air 34*78     x  o'ais     =     8*27764 

70*76  I9'"374 

Consequently,  the  increase  of  temperature  resulting  from 
the  combustion  of  hydrogen  is : — 

So  far,  therefore,  as  relates  to  increase  of  temperature,  the 
effect  produced  by  the  combustion  of  hydrogen  under  these 
conditions  is  not  much  greater  than  that  produced  by  the 
combustion  of  an  equal  weight  of  carbon,  notwithstanding 
the  great  difference  in  the  a<5tual  quantities  of  heat  generated, 
as  shown  below ; — 

Total  beat  Available  Increase  of 

cenerated.  .  heat.  temperatuTe. 

lb.         Heat  aoits.         Heat  units. 

Carbon    .     .      i  14,500  14.500  2522°  F. 

Hydrogen     .      i  62,032  53.337  2791°  F- 

We  have  now  to  consider  what  portion  of  the  available 
heat  is  under  ordinary  conditions,  effective  in  producing 
steam.  The  heated  furnace  gas  resulting  from  the  combus- 
tion of  the  carbon  or  the  hydrogen  of  fuel  is  the  medium  by 
which  the  heat  generated  is  transferred  to  the  water  in  the 
boiler ;  and  if  it  could  be  managed  that,  between  the  moment 
of  combustion  and  the  time  when  the  furnace  gas  resulting 
from  it  is  discharged  into  the  chimney,  the  whole  of  the 
available  heat  could  be  communicated  to  the  water  in  the 
boiler,  the  evaporative  effedt  realised  might  then  be  equal, 
or  nearly  equal,  to  the  theoretical  evaporative  power  of  the 
fuel  burnt.     But  this  is  never  the  case  in  ordinary  pradtice. 

The  extent  to  which  the  available  heat  could  in  any  case 
become  effective  in  producing  steam  by  dire<5t  transmission 
to  the  boiler  must,  of  course,  be  limited  by  the  temperature 
corresponding  to  the  pressure  at  which  steam  is  to  be  raised. 
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If  that  were  50  lbs.  per  square  inch  the  furnace  gas  could 
not  be  cooled  down  below  360°  F.  before  being  discharged 
froni  the  heating  surface  of  the  boiler  into  the  chimney. 
The  quantities  of  heat  which  would  in  such  a  case  pass 
away  in  the  furnace  gas  without  being  direflly  efFetftive  in 
producing  steam  in  the  boiler,  would  amount  to  12  per  cent 
in  the  combustion  of  carbon,  and  to  io"8  per  cent  in  the 
combustion  of  hydrogen,  as  follows  : — 

Qa«ntlty  Fumwe      ''"H^^daL'' inS'of'^  ^^"^"on 
lmr»i.       ga^  temperature =300°.      "'^^^c^p.*' 

lb.  lbs.  Heat  aniu.         lbs.  ' 


Carbon      .     . 

I 

25 

300'"  5750  =  1725 

1-8 

Hydrogen.     . 

I 

70 

300*x  19-114  =  5734 

59 

These  quantities  of  heat  would  therefore  be  wasted  as 
regards  the  produftion  of  steam,  except  in  so  far  as  they 
might  be  applied  in  heating  the  feed  water  supplied  to  the 
boiler. 

But  when,  as  in  ordinary  pra<5tice,  the  supply  of  air  for 
supporting  combustion  is  maintained  by  the  draught  of  a 
chimney,  the  temperature  of  the  furnace  gas  cannot  in  any 
way  be  reduced  below  about  660"  F.  without  interfering 
with  the  draught  of  the  chimney,  and  thus  a  waste  of  heat 
is  occasioned  considerably  larger  than  that  just  mentioned 
as  being  the  minimum  waste. 

In  very  many  instances  the  furnace  gas  is  discharged  into 
the  chimney  at  a  temperature  very  much  more  than  600°  F. 
above  the  temperature  of  the  external  air,  and  then  the 
waste  of  heat  is  of  course  even  still  greater  in  proportion 
as  the  temperature  of  the  gas  is  higher. 

In  the  case  of  furnace  gas  discharged  at  6do*  F.  above 
the  temperature  of  the  air  supplied  to  the  furnace,  this 
waste  amounts  to  24  per  cent  of  the  available  heat  resulting 
from  the  combustion  of  carbon,  and  to  22  per  cent  of  that 
resulting  from  the  combustion  of  hydrogen,  these  amounts 
being  equivalent  to  the  evaporation  of  3'6  lbs,  of  water  at 
212°  F.  per  pound  of  carbon  burnt,  and  to  ii-g  lbs.  of  water 
at  212°  F.  per  pound  of  hydrogen  burnt. 

The  amount  of  heat  capable  of  becoming  effetftive  in  pro- 
ducing steam  cannot,  therefore,  be  greater  than  the  difference 
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between  the  total  available  heat  and  : 
in  the  furnace  gas.  This  amount  is 
the  available  heat  generated  by  combi 
about  78  per  cent  of  that  generated  b , 
drogen.  This  comparison  does  not  ta  1 
sources  of  waste  which  are  due  to  impc  1 
applies  only  to  such  portions  of  the  1  -. 
of  fuel  as  are  actually  burnt  in  the  f  1 
the  comparative  efficiency  of  these  cn 
producing  steam  is  as  follows : — 

Comintstion  ofCarboi 

Quantity  burnt,  i  lb. 

Heat  units 
Total  heat  of  combustion     .       14,500 

Available  heat I4i5oo 

Waste  heat  of  furnace  gas  .        3,480 

EfFedlive 11,020 

Combustion  of  Hydro^ 


Quantity  burnt,  i  lb. 

Heat  unita. 

Total  heat  of  combustion     .  62,032 

Latent  heat  of  water  vapour.  8,695 

Available  heat 53)337 

Waste  heat  of  furnace  gas  .  11,520 

Effeaive  heat 41,817 

Thus  the  maximum  evaporative  effici 
hydrogen  is,  for  each  pound  burnt,  resp 
conversion  of  about  ii^  lbs.  and  43J  lb 
into  steam  of  the  same  temper atu 
ordinary  atmospheric  pressure.  The 
effictuy  is  realised  in  the  ordinary  applic 
ducing  steam  will  depend  upon  the  rela1 
by  the  rate  of  combustion  and  by  the 
boiler  for  the  full  absorption  of  the  ef 
combustion  products  during  their  passa 
tubes  of  the  boiler  before  being  discharg 
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But  whatever  may  be  the  influence  of  these  conditions  in 
regard  to  evaporative  effeift  produced,  they  do  not  in  any 
degree  affeft  the  foregoing  considerations  as  to  the  maxi- 
mum evaporative  capabilities  of  the  carbon  and  hydrogen  of 
fuel  when  burnt  in  the  manner  stated,  with  a  supply  of  air 
just  twice  as  great  as  the  quantity  requisite  for  their  conver- 
sion into  carbonic  acid  gas  and  water  vapour. 

From  these  considerations  it  will  be  evident  that,  in  the 
combustion  of  fuel  under  ordinaiy  conditions,  there  is  always 
a  great  waste  of  heat  ai5lually  generated  and  available.  The 
total  waste  is  considerably  greater  in  the  combustion  of 
hydrogen  than  it  is  ip  the  combustion  of  carbon,  amounting  in 
the  onecaseto32*6percent,  andintheother  to  24  per  cent  of 
the  total  heat  of  combustion,  but  still  the  evaporative  efficacy 
of  hydrogen  is  nearly  four  times  as  great  as  that  of  carbon. 

In  the  combustion  of  hydrocarbons  under  these  c(Hiditions, 
whether  they  be  solid,  liquid,  or  gaseous,  the  total  amount 
of  heat  generated  will  be  determined  by  the  relative  pro- 
portions of  the  carbon  and  hydrogen  they  contain.  The 
amount  of  hydrogen  in  such  substances  generally  ranges 
from  one-seventh  to  one-fourth  by  weight,  and  for  such 
limits  the  corresponding  aOiounts  of  heat  generated  by  their 
combustion  and  their  theoretical  evaporative  power  would 
be  as  follows  : — 

^y^™-      .  Hydro-  TMilhea 

MThon  Carbon.       ^  butt 


Equivalent  evi^ondioD 


lb.        lb.  lb.  Huttnniti.         lbs.  lb*. 

(  o'86  X  14,500  =  12,470 

'  t  0*14         X  63,032=  8,684 

21,154       21*9        i8-8 
,  I  075  X  14,500=10,775 

I  0*25         X  62,032  =  15,508 

26,283  27-1  23*3 
It  must  be  remembered  that  these  results  are  above  the 
truth,  for  this  calculation  does  not  take  into  account  the 
quantity  of  heat  expended  in  efTedting  the  decomposition  of 
the  hydrocarbon,  i.e.,  the  separation  of  the  carbon  from  the 
hydrogen,  nor  does  it  make  allowance  for  the  circumstance 
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maintained  at  the  same  rate,  would  have  the  efTeift  of 
reducing  the  waste  of  heat  to  the  extent  of  50  per  cent,  and 
economising  the  heat  generated  by  the  carbon  of  the  fuel  to 
the  extent  of  nearly  I2  per  cent.  Herein  consists  the  ad- 
vantage gained  by  blowing  the  air  into  a  furnace  instead  of 
drawing  it  in  by  means  of  a  chimney,  for  in  that  case  the 
supply  of  air  may  be  reduced  to  just  enough  to  support  com- 
bustion, and  at  the  same  time  the  temperature  of  the  furnace 
gas  may  be  so  far  reduced,  either  within  the  flues  or  tubesof  the 
boiler  or  in  a  feed-water  heater,  as  to  render  the  greater  part 
of  the  heat  contained  in  it  effeiftive  for  production  of  steam. 

The  possibility  of  economising  in  this  way  the  heat  gene- 
rated by  combustion  of  carbon  is  by  no  means  unimportant ; 
but  it  is  of  far  greater  importance  as  regards  the  heat 
generated  by  combustion  of  hydrogen,  for  in  that  case  the 
total  waste  of  heat  arising  from  the  discharge  of  the  furnace 
gas  at  600°  F.  above  the  temperature  of  the  air  supply  is 
equivalent  to  about  12  lbs.  of  steam  per  pound  of  hydrogen 
burnt,  and  nearly  one-half  of  this  waste  heat  is  consumed  in 
heating  the  surplus  air  supply. 

Therefore,  by  dispensing  with  this  surplus  air  and  cooling 
the  furnace  ga.s  in  a  feed-water  heater,  a  saving  of  something 
like  one-fourth  of  the  total  available  heat  might  be  effefled. 
A  further  advantage  would  also  result  from  the  increased 
temperature  of  combustion,  viz.,  4692'  F.  for  carbon  and 
4922°  F.  for  hydrogen,  and  the  consequent  more  ready 
transmission  of  heat  from  the  combustion  produift  to  the 
water  in  the  boiler : — 

Combustion  0/  Hydrogen. 


Furnace  gai 
from  I  lb. 

s            Quantities  of  heat  ia 

of  water  at 

hydrogen. 

ai»°F. 

Iba. 

Heat  units. 

lb*. 

Water  vapour 

g'oo 

600°  X  4*3  =  2580 

27 

Nitrogen  gas  . 

.  2678 

600°  X  6-6  =  3960 

41 

Surplus  air     . 

■  3478 

600°  X  8*3  =  4980 

5-1 

70-56 

11,520 

11-9 

Latent  heat  of)    gg 
water  vapourj        ^^ 

9-0 
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The  combustion  of  the  carbon  and  h , 
sents  another  point  of  difference,  wh  i 
regards  the  extent  to  which  the  avai 
ordinary  conditions,  capable  ©f  being 
producing  steam.  This  difference  is  di 
water  vapour  in  the  furnace  gas,  resultiii 
tion  of  hydrogen.  As  a  consequence  of 
large  amount  of  heat  is  absorbed  and 
for  producing  steam.  From  the  foregoir , 
the  disposition  of  heat  amongst  the  fu 
seen  that  every  pound  of  vsfater  vapour 
corresponds  to  a  waste  of  heat  sufRciei: 
more  than  ij-  lbs.  of  steam,  and  hence  i : 
great  is  the  disadvantage  resulting  fr: 
water  in  the  furnace  gas,  whether  origin ; 
burnt  or  from  damp  fuel  or  otherwise. 

The  volumes  of  the  air  supply  and  ■: 
for  the  extreme  cases  of  carbon  at: 
follows ; — 

Air  supply  at  60°  F. 


lb.  lbs.  cubic  feet. 

Carbon     .     .     i  24  320 

Hydrogen      .1  69  960 

In  the  combustion  of  carbon  there 
volume  in  the  combustion  produft,  exc<: 
heat  generated,  which  would  render 
temperature  of  combustion  (2522°  F.) 
six  times  that  of  the  air  supplied.  By  t 
to  the  boiler  to  such  an  extent  as  to  red 
to  660°  F.  the  volume  would  be  redu 
630  cubic  feet  per  pound  of  carbon  bumi 

In  the  combustion  of  hydrogen  the  st 
is  about  three  times  as  large  as  that  i 
bustion  of  an  equal  weight  of  carbon, 
pansion  of  the  combustion  products,  indi 
generated,  and  amounting  to  one-half  ti- 
the hydrogen  burnt.  The  expansion  1 
greater  than  in  the  combustion  of  carboi 
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greater  amount  of  heat  generated,  so  that  the  volume  of  the 
furnace  gas  at  the  temperature  of  combustion  (2791°  F-) 
would  be  about  six  and  a-half  times  that  of  the  air  supplied, 
and  the  volume  of  gas  discharged  into  the  chimney  would 
be  about  three  and  a-half  times  as  great  as  in  the  combus- 
tion of  an  equal  weight  of  carbon.  This  larger  quantity  of 
gas  will,  however,  contain  nearly  four  times  as  much  effec- 
tive heat  as  that  resulting  from  the  combustion  of  an  equal 
weight  of  carbon,  and  its  temperature  will  be  about  270° 
higher,  so  that  in  this  respe^  the  use  of  fuel  containing  a 
large  amount  of  hydrogen,  provided  it  can  be  perfectly  and 
readily  burnt,  presents  an  advantage  as  compared  with  fuel 
consisting  almost  entirely  of  carbon.  Rather  more  than 
one-fourth  of  a  pound  of  hydrogen  would  give  as  much 
effective  heat  as  one  pound  of  carbon  with  a  somewhat 
smaller  volume  of  combustion  produAs.  The  extent  to 
which  this  advanti^e  affefls  the  value  or  efficiency  of  fuel 
will,  of  course,  depend  on  the  amount  of  hydrogen  it  con- 
tains. Since  no  hydrocarbon  available  as  fuel  contains  more 
than  15  per  cent  of  hydrogen,  the  acftual  evaporative  efficacy 
of  such  a  material,  when  used  under  the  ordinary  conditions, 
cannot,  at  the  utmost,  be  more  than  about  40  per  cent 
greater  than  that  of  an  equal  weight  of  carbon.  This, 
assuming  it  to  be  perfectly  burnt,  and  the  arrangement  of 
boiler  flues  or  tubes,  &c.,  to  be  favourable  for  the  transfer 
of  heat,  is  the  maximum  effedl  to  be  looked  for  according  to 
the  data  already  given. 

The  amount  of  hydrogen  in  petroleum  is  probably  laiger 
than  in  any  of  the  other  hydrocarbons  proposed  to  be  used 
as  fuel,  and  that  contains,  on  the  average,  about  13  per  cent. 
In  coal  and  shale  oil  the  amount  of  hydrogen  is  less.  Con- 
sequently, the  evaporative  efficacy  of  these  materials,  as 
compared  with  carbon,  would  not  reach  the  above  limit  of 
40  per  cent  in  excess.  The  ratio  between  these  materials 
and  ordinarily  good  coal  is  much  about  the  same  in  regard 
to  evaporative  efficacy,  since  the  hydrogen  contained  in  coal 
compensates  for  the  oxygen  and  ash  it  contains,  unless  the 
amount  of  these  is  very  considerable. 

The  tables  on  pp.766  and  767show  the  relation  between  the 
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total  heat  of  combustion  and  the 
carbons,  containing  respeftively  14 
gen,  as  the  amounts  of  heat  consu 
and  the  mode  in  which  it  is  dispose 
I  am  not  aware  of  any  liquid  h; 
fuel  which  contains  so  much  as  25 
that  an  evaporative  effcdt  of  about  i 
of  hydrocarbon  burnt  must  be  ref 
result  to  be  attained  with  such  m 
burning  these  hydrocarbons  with 
combustion,  or  half  the  quantities  i 
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Again,  Its  very  high  boiling  point,  approaching  to  a  red  heat, 
and  the  great  density  of  its  vapour  as  compared  with  that 
of  petroleum  or  coal  oil,  are  great  advantages  as  regards  risk 
of  explosion  in  consequence  of  the  oil  vapour  becoming 
mixed  with  air  and  then  catching  fire.  This  could  hardly 
take  place  with  the  dead  oil  except  at  a  very  high  tempera- 
ture, while  petroleum  readily  gives  off  vapour  to  the  air  at  a 
moderate  degree  of  heat. 

I  lb.  of  hydrocarbon,  containing  14  per  cent  of  hydrogen, 
yields  about  31  lbs.  of  furnace  gas,  consisting  of: — 

Quantities  of  Equivalent 

Furnace     heat  in  funiace  evaporation  of 


at  112°. 

at  60°. 

lbs. 

Heat  uniu. 

lbs. 

Iba. 

Carbonic  acid     .     .     .     3-16 

411 

Water  vapour    .     .     .     1*26 

359 

Nitrogen  gas.     .     .     .  11-45 

1683 

Surplus  air    ...     .  I4'37 

2124 

2-2 

3074 

4577 

"Ts 

Total  heat  of  combustion     . 

21,154 

Latent  heat  of  water  vapour 

1217 

1-3 

Available  heat 12.937 

Waste  heat  of  furnace  gas  ■     .      4577 


i5'8        13-6 


Effeftive  heat 15.360 

Theoretical  evaporative  power  21*9 

Relative  evaporative  efficacy  as  compared!       -- 

with  carbon  or  coal  =  I J    ^ 

I  lb  of  hydrocarbon,  containing  25  per  cent  of  hydrogen, 
yields  about  36  lbs.  of  furnace  gas,  containing  : — 


Carbonic  acid  gas  .     .    275 
Water  vapour    .     .     .     2'25 

Nitrogen 13*39 

Surplus  air    ...     .  i7"39 

3578 


Heal  Dnita. 

358 

641 
1968 
2483 

5450 
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would  be  of  little  account  if  it  be  not  supported  by  adequate 
evidence  of  results,  such  as  those  which  have  been  so  much 
dwelt  upon,  being  really  obtainable ;  and  although  this 
subject  has  now  been  some  years  before  the  public,  I  am 
not  aware  of  any  evidence  having  yet  been  brought  forward 
such  as  would  call  for  or  justify  the  abandonment  of  those 
well-established  principles  by  which  the  heating  power  and 
efficacy  of  fuel  is  determined  as  above  stated.* 

The  results  of  the  experiments  made  at  Woolwich  under 
the  superintendence  of  Mr.  Tricket,  the  engineer-iti-chief  of 
the  dockyard,  give  as  the  highest  evaporative  effedl  obtained 
with  petroleum,  11*63  ^^^-  of  water  converted  into  steam  per 
pound  of  oil  burnt.  In  this  case,  however  the  combustion 
was  imperfeifl.  But  in  the  most  successful  trials  with  coal 
oil  and  shale  oil,  when  very  little  smoke  was  given  off,  the 
evaporative  effedt  was  about  z8  lbs.  of  steam  produced  per 
pound  of  oil  burnt.  In  this  case  some  deduflion  required 
to  be  made  for  the  steam  applied  as  a  blast  to  the  fire,  but 
the  amount  was  not  ascertained.  This  result  was  also  ob- 
tained under  peculiarly  favourable  circumstances  as  regards 
the  proportion  of  heating  surface  of  the  boiler  to  the  rate  of 
evaporation. 

In  regard  to  the  supply  of  material  capable  of  being  used 
as  liquid  fuel,  it  is  necessary  to  make  a  few  remarks.  First, 
as  regards  petroleum,  I  imagine  it  is  now  generally  acknow- 
ledged that  this  material  in  its  natural  state  is  not  well 
adapted  for  the  purpose.  In  that  state  it  contains  a  large 
amount  of  very  volatile  hydrocarbon,  which,  even  at  the 
ordinary  temperature,  vapourises  by  contaA  with  air,  and 

*  Smce  writing  this  paper  I  have  leamt  that  the  same  aabjed'  wm  dit- 
cau«d  by  ProfeBior  Vf,  J.  M.  Rimkine,  at  the  United  Service  lauitation, 
abont  a  yeu  ago,  aod  I  bave  great  pleasure  in  referring  to  the  opiniona  of  such 
an  anthority  In  conlirmation  of  the  views  I  have  exprested  in  regard  to  "  Liquid 
Fael>"  "On  the  Economy  of  Fuel,  Conpriaing  Mineral  Oils,"  "  Joumat  of  the 
United  Service  Institution,"  xi.,  3i8.  The  very  lucid  and  exhaustive  ex- 
position given  by  Professor  Rankine,  of  the  conditions  which  determine  the 
tbeoretical  evaporative  power  of  fuel  ought  to  have  been  sufficient  to  prevent 
any  continuance  of  misconceptions  as  to  the  possibility  that  the  evaporative 
effeas  realised  with  fuel  can  exceed  or  even  equal  the  extfeme  calculated 
powei  it  ia  capable  of  prodacing. 


PURIFICATION   OF  TIN   ORH  : 

the  mixture  of  this  vapour  with  a  i 
to  remove  this  obj'eftion  to  the  u 
fuel,  the  more  volatile  portion  of 
distillation,  and  that  operation,  wh : 
render  the  oil  fit  for  use  with  f: 
quantity  to  about  one-third. 
,  Another  objection  to  petroleum  i 
bulkiness,  the  gallon  weighing  onlj 
some  extent  removed  by  the  distill 
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of  the  wolfram  by  making  the  tungstic  acid  combine  with 
the  soda ;  at  the  same  time  to  convert  the  basic  protoxides 
of  iron  and  manganese  into  peroxides,  for  the  purpose  of  ren- 
dering them  as  light  as  possible  to  facilitate  their  subsequent 
separation  by  mechanical  washing.  This  calcining  opera- 
tion is  therefore  essentially  an  oxidising  one,  and  the  fire 
should  be  worked  accordingly.  The  charge  drawn  from  the 
furnace  should  not  cake.  While  hot  it  is  thrown  into  one 
of  a  series  of  lixiviating  cisterns  partially  filled  with  water, 
which  is  thereby  rendered  boiling  hot.  After  standing  a 
short  time  the  liquor  is  run  slowly  off  from  the  bottom  of 
the  vat  bright  and  clear,  and,  if  of  sufficient  strength,  is  set 
aside  to  crystallise ;  otherwise  it  is  boiled  up  to  strength 
before  it  is  put  into  the  crystallisers.  The  weaker  liquors 
are  used  instead  of  water  for  lixiviating  fresh  chaises  of  the 
calcined  ore.  Traces  only  of  stannate  of  soda  are  to  be  found 
in  the  liquor  if  the  operation  be  properly  conducted. 

Salt  cake  may  be  advantageously  employed  when  skilled 
labour  is  obtainable  ;  it  is  mixed  with  the  ore  in  proportions 
indicated  by  the  quantity  of  wolfram  present.  A  quantity 
of  coal-dust  slightly  in  excess  of  the  quantity  necessary  for 
the  deoxidation  of  the  sulphuric  acid  of  the  salt  cake,  is 
mixed  with  the  charge,  and  the  whole  is  exposed  until  red- 
hot  in  the  furnace  to  the  deoxidising  flame.  After  this  a  clear 
fire  and  an  oxidising  flame  are  maintained  until  the  tungstic 
acid  has,  by  combination  with  the  sodium,  driven  off  the 
remainder  of  the  sulphur.  The  charge  takes  about  an  hour 
longerinthefurnacethan  is  necessary  for  thesoda  ash  mixture. 

The  charge  drawn  from  the  furnace  is  lixiviated  in  the 
same  manner  as  before,  and  after  all  the  soluble  matter  has 
been  removed,  the  remainder  of  the  charge  is  thrown  out 
from  the  vats  and  subjected  to  a  series  of  washing  operations 
without  any  stamping,  but  occasionally  with  a  small  amount 
of  scrubbing,  whereby  the  peroxides  of  iron  and  manganese 
are  washed  off.  The  last  traces  of  these  oxides  may  be 
removed  by  digestion  for  a  few  hours  in  muriatic  acid, 
leaving  the  binoxide  of  tin,  or  black  tin  of  the  Cornish  miner, 
nearly  pure,  capable  of  producing,  by  smelting,  the  finest 
quality  of  metallic  tin. 

3  D  2 


In  my  improvements  in  separating  silver  from  argentiferous 
lead,  in  puriiying  lead,  and  in  the  necessary  apparatus, 
I  commence  with  extra^ing  as  completely  as  possible  hy 
any  of  the  ordinary  methods  the  antimony  which  may  be 
contained  in  the  lead.  Immediately  afterwards  I  place  the 
lead  in  any  suitable  vessel,  but  by  preference  I  employ  for 
this  purpose  a  melting  pan  (hereinafter  called  boiler),  to 
which  I  adapt  an  opening  at  its  base  in  order  to  allow  the 
fused  metal  to  be  run  off  as  required.  This  melting  pan  or 
boiler  may  be  set  on  an  ordinary  furnace,  but  by  preference 
the  furnace  should  be  provided  with  a  movable  grate,  which 
will  facilitate  the  instantaneous  extincftion  of  the  fire. 

For  greater  clearness  in  my  description  I  shall  divide  my 
boilers,  composing  each  range  into  the  following  order;  that 
is  to  say : — First  boiler  containing  the  argentiferous  lead 
freed  from  antimony ;  second  boiler  reserved  for  the  rich 
litharge  or  dross;  and  third  boiler  for  the  extra  rich 
skimmings  of  the  litharge  or  dross.  Although  I  here  mention 
three  boilers  for  the  purpose  of  exemplifying  my  process,  I 
do  not  limit  myself  to  that  number.  I  light  up  the  furnace 
of  the  first  boiler,  and  when  the  lead  therein  is  reduced  to  a 
perfeifl  state  of  fusion,  I  increase  the  intensity  of  the  fire,  and 
then  I  add  to  the  fused  metal  a  sufficient  quantity  of  zinc, 
the  proportion  varying  according  to  the  richness  of  the  lead, 
previously  ascertained  by  assay.  I  immerse  the  zinc  by 
means  of  an  apparatus  next  hereinafter  described,  and  which 
I  call  a  "  mixer."  This  apparatus  consists  of  a  box  or  case 
divided  into  two  parts,  united  by  bolts  or  otherwise.  The 
box  or  case  is  perforated  and  attached  to  a  metallic  spindle, 
provided  with  radiating  branches  or  paddles  to  promote  the 
mixture  of  the  zinc  with  the  fused  metal.  But  I  do  not 
confine  the  arrangement  of  vanes  or  paddles  to  the  simple 
disposition  of  projefting  or  horizontal  arms  or  branches ; 
any  system  of  horizontal  or  vertical  vanes  or  paddles 
working  from  or  in  combination  with  the  spindle  and  box 

*  Mining  Journal,  June  a6,  1S69. 
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or  recepiacie,  ana  conveying  iniiner  me  oxiae  oi  zinc  ana 
other  matters.  This  chamber  should  be  divided  into  several 
compartments  and  conveniently  ventilated.  The  steam  pipe 
is  sunk  in  the  molten  metal  to  such  a  depth  that  the  steam 
may  spread  throughout  the  mass  of  metal.  If  the  boiler  be 
very  large,  and  one  jet  of  steam  insufficient  to  reach  the 
zinc  in  every  part,  the  principal  pipe  may  be  fitted  with 
several  auxiliary  pipes,  which  will  permit  the  steam  to 
penetrate  quite  through  the  molten  lead.  The  higher  the 
temperature  of  the  steam  the  more  prompt  and  efficacious 
will  be  its  effeft.  It  will  be  prudent  to  adapt  to  the  steam 
pipe  externally  two  taps  ;  one  for  regulating  the  admission 
of  steam  into  the  metal,  the  other  to  be  first  opened  to  let 
o£f  any  water  colleiSled  in  the  pipe,  which  will  prevent  any 
spattering  of  the  fused  metal.  I  do  not  restriiil  myself  to 
the  use  of  taps ;  any  other  available  means  of  regulating 
the  passage  of  the  steam,  and  for  drawing  off  the  moisture 
and  precluding  condensation,  may  be  employed.  When  the 
steam  shall  have  been  introduced  into  the  molten  lead,  it 
will  be  desirable  to  ascertain  when  the  oxidation  is  com- 
pletely terminated.  To  that  end  a  valve  or  tap,  or  other 
contrivance  of  the  kind  with  any  suitable  appliances,  is 
fitted  to  the  escape  tube,  to  permit  of  seeing  whether  the 
steam  passes  in  its  natural  state  clear  of  oxides  or  other 
matter,  and  then,  its  function  being  terminated,  the  steam  is 
suppressed.  The  cover  with  its  appliances  is  then  removed, 
and  all  the  oxides  and  other  matters  which  float  on  the 
surface  are  very  lightly  skimmed  off,  carefully  avoiding  the 
metal  as  much  as  possible.  Now  that  the  lead  is  entirely 
purified  it  is  poured  in  the  usual  way,  or  run  out  into  moulds 
in  the  shape  of  pigs  or  ingots,  or  otherwise.  If  the  latter 
operation  be  employed,  the  conduit  by  which  the  lead  is  run 
off  should  be  heated  by  an  appliance  in  the  nature  of  a 
chafing  dish  or  brazier,  or  otherwise,  for  the  purpose  of  pre- 
venting premature  cooling.  For  conveyance  of  the  moulds, 
and  in  order  to  expedite  that  operation,  I  employ  by  pre- 
ference, but  not  exclusively,  a  rail  or  tramway  with  appliances 
for  transmission,  which  I  call  port  moulds,  or  little  trucks. 
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When,  by  the  preceding  opi 
I  have  obtained  a  sufficient 
or  rich  litharge  to  fill  my  ; 
treat  it  in  the  following  m; 
or  dross,  composed  princip 
should  be  reduced  to  fusion 
with  a  view  to  oxidise  ai 
matters.  When  this  is  effeC 
refined  by  cupellation  immc 
it  would  contain  considerab! 
Pattinson  process ;  but  it  i 
hereinafter  explained. 

I  light  up  the  furnace  un 
the  rich  litharge,  and  when  I 
I  introduce  a  "mixer"  wit 
radiating  vanes  or  paddles 
same  manner  as  the  "  mij 
amalgamate  the  lead,  sitve 
contents  of  the  boiler.  I  t 
continue  to  skim  as  long  a 
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very  smaii  ana  neariy  in  sign  in  cam  ponion  oi  siiver,  so  smaii, 
in  faft,  that  it  may  be  disregarded.  Then  the  contents  of 
this  boiler  is  re-heated  to  fusion  with  a  brisk  fire,  and  the 
lead  is  purified  by  the  aid  of  one  or  more  jets  of  steam, 
cleared  of  oxide,  and  skimmed,  and  the  remaining  metal  is 
subsequently  poured  or  run  into  moulds.  As  to  the  extra 
rich  litharge  or  dross  placed  in  the  third  boiler,  when  a 
sufficient  quantity  is  collected,  it  is  reduced  to  a  perfeft  state 
of  fusion,  and  with  the  application  of  steam,  in  a  manner 
similar  to  that  hereinbefore  described,  it  is  freed  from  the 
zinc  and  other  matters.  Immediately  after  this  operation 
the  product  may  be  taken  to  the  cupel  furnace,  or  otherwise 
disposed  of,  for  the  purpose  of  obtaining  the  silver  in  a  state 
of  purity  by  any  approved  method.  By  continuing  these 
operations,  employing  small  pots,  by  preference  somewhat 
of  the  form  of  crucibles,  and  with  the  modifications  in 
manipulation  self-evident  to  a  skilful  workman,  the  silver 
may  be  freed  from  alloy  or  impurities,  so  that  it  may  remain 
in  a  state  of  purity,  or  nearly  so.  When  a  sufficient  quan- 
tity of  oxide  and  other  matters  of  a  nature  to  be  converted 
to  useful  purposes  is  coUedled,  suitable  means  are  adopted 
to  utilise  the  same. 


M.    BOUDCHEN'S    APPARATUS    FOR    PERPORMINO    THE 

PATTINSON  PROCESS.* 
M.  BouDCHEN  has  contrived  a  system  of  apparatus  by  which 
a  great  part  of  the  work  of  Pattinsoning  is  performed  by 
power,  and  this  is  at  work  at  Rouen,  at  Stolbei^,  and  at 
Holzappel.  The  leading  principle  is  that,  in  place  of  lading 
out  the  crystals,  these  are  kept  in  agitation,  both  to  prevent 
their  agglomeration  and  their  entanglement  of  liquid  rich 
lead,  and  the  still  fluid  rich  or  silver-lead  is  drawn  off  from 
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the  pan  by  an  aperture  at  the  bottom.  The  apparatus  con- 
sists of  three  pans  upon  different  levels  so  as  to  run  from 
one  to  the  other,  or  out  upon  the  floor  level  of  the  shop. 
Many  of  these  apparatus  may  be  in  one  work. 

For  convenience  of  our  description  we  will  call  the  upper 
pan  d,  the  lowermost  a,  and  that  standing  between,  c. 

a  is  the  cylindric  crystallising  pan ;  the  ingot  moulds  into 
which  the  rich  lead  is  run  through  the  spouts  stand  at  either 
side  of  a,  which  are  provided  with  iron  sluice  stoppers,  c  is 
the  pan  in  which  the  raw  pig  lead  is  melted,  and  whence  it 
runs  into  a;  the  latter  pan  being  heated  by  the  spare 
heat  from  the  furnace  of  c.  d  is  used  as  either  a  sort  of 
magazine  for  c,  which  is  supplied  by  a  movable  shoot,  or 
from  which  the  contents  can  be  run  into  the  ingot  moulds, 
or  to  re-melt  together  different  masses  of  the  poor  lead. 
This  upper  pan  is  not  indispensable,  and,  in  fa£l,  is  not  used 
at  either  Holzappel  or  Rouen.  Where  the  pan,  d,  is  used 
thecapacityof  c  is  one-third,  and  (i  two-thirds  of  the  pan  «,  but, 
as  worked  at  Rouen,  the  pans,  c  and  a,  are  of  equal  capacity. 

The  pan,  a,  is  cylindrical,  and  contains  two  independent 
agitators  or  stirrers,  driving  (like  brewers'  mashing  appa- 
ratus) through  each  other ;  the  one  being  a  system  of  blades 
or  rakes  attached  to  a  redtangular  frame  driven  by  the  outer 
or  tubular  shaft,  and  the  other  system  of  rakes  like  those 
of  a  pug  mill  nearly,  driven  by  a  central  shaft,  within  the 
latter ;  and  the  two  systems  are  driven  reverse  to  each  other. 
The  pan  is  covered  by  a  sliding-up  and  down  iron  hood, 
with  two  tubes,  io  connexion  with  the  chimney  to  take  off 
lead  fume. 

When  the  crystals  first  begin  to  form  it  needs  but  little 
power  to  keep  the  whole  mass  in  agitation ;  but  as  these 
increase  in  volumethe  resistance  rapidlyaugments,andatlast, 
with  a  proportion  oftwo-thirdscrystals and qne-thirdfluid  lead, 
from  five  to  six  horse-power  is  only  sufficient  to  keep  up  the 
motion  until  after  the  rich  lead  has  been  run  off.  The  heat  is 
then  augmented  under  a,  and  the  crystals  themselves  become 
liquid,  and  are  in  turn  run  out,  or,  as  is  the  better  praiftice, 
they  are  rendered  fluid  by  running  in  upon  them  a  fresh 
charge  of  liquid  raw  lead  from  the  pan,  c,  continuing  this 


ment. 

M.  Gruner  states  that  with  each  g-ton  pan,  and  with  nine 
horse  power,  from  no  to  120  tons  of  lead  can  be  refined  per 
month,  the  merchant  pig,  or  impoverished  lead,  being  brought 
to  about  20  gramnaes  of  silver  per  ton,  and  the  silver-lead 
brought  up  to  from  15  to  20,000  grammes  per  ton ;  the  total 
consumption  of  fuel,  including  that  for  power,  reaching  to 
z  ton  of  coal  for  4  of  lead  refined. 

The  cost  of  labour  is  reduced  to  about  one*baIf,  and  the 
band-work  that  remains  to  be  done  is  less  laborious,  more 
wholesome,  and  less  subje<^  to  the  caprice  or  negleA  of  the 
men,  and  there  is  less  rich  dross  produced,  because  the 
covered  pans  enable  the  work  to  be  conduiSed  in  great  part 
in  an  atmosphere  of  lead  vapour;  against  all  this,  however, 
is  the  greater  capital  invested,  the  excess  on  one  set  of  pans 
being,  probably,  from  3^700  to  ^800.  The  total  saving  over 
the  ordinary  methods  is  stated  to  amount  to  about  i8s.  per 
ton  of  lead. 


THE    EXTRACTION    OF    SILVER    PROM    RICH    LEAD    BV 

MEANS  OP  ZINC* 
In  the  opinion  of  Gruner,  every  system  of  Pattinsoning 
is  likely  to  be  ultimately  superseded  by  Parkes's  method 
of  refining — by  alloying  the  crude  lead  with  zinc.  The 
process,  of  which  the  following  is  a  sketch,  is  one  of 
singular  beauty  at  every  stage.  It  is  based  upon  the  curious 
relations  which  lead  and  zinc,  and  zinc  and  silver,  bear  to 
each  other  when  alloyed,  and  to  the  facilities  with  which 
zinc  and  silver  are  separable  by  divers  methods: — 

Karsten,  in  1842,  had  observed  the  reciprocal  chemical 
adtions  of  lead  and  zinc.  He  had  ascertained  that  the  two 
metals  will  not  combine  as  alloys  with  each  other  better 
than  do  lead  and  copper.  When  the  mixture  of  the  two 
metals  in  a  melted  state  is  kept  at  rest,  the  zinc  comes  to 
the  surface,  retaining  scarcely  2  per  cent  of  lead,  whilst  the 
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repose.  It  has  further  been  ascertained  that  the  lead  often 
takes  up  between  |  and  i  per  cent  of  zinc,  and  that  without 
regard  to  the  total  proportion  of  zinc  mixed,  so  that  4,  5,  or 
20  per  cent  gives  the  same  final  alloy.  The  temperature  of 
fusion,  also,  is  without  any  influence  on  the  result.  The 
stirring  was  produced  in  a  mechanical  manner,  as  in  the 
Laveyssi^re's  system  above  described.  No  great  power  is 
here  required,  as  the  two  metals  remain  in  a  fluid  state,  and 
only  oxidated  drosses  are  produced.  The  zinc  tending  to 
oxidate  most,  the  oxygen  does  not  aA  upon  the  lead,  and 
there  is  a  defedtive  reaflion.  This  could  be  avoided  in  two 
different  ways ;  the  zinc  might  ascend  drop  by  drop  through 
the  lead,  or  else  the  lead  might  be  made  to  descend  drop  by 
drop  through  the  zinc.  The  fiist,  the  more  efficacious  of  the 
two,  appeared  to  Karsten  difGcuIt  to  carry  out.  He  therefore 
applied  the  second,  which  had  already  been  used  in  the  pro- 
cess by  which  cupreous  materials  had  been  unsilvered,  by 
the  method  known  as  that  of  imbibition. 

The  raw  lead  was  passed  through  an  iron  sieve  into  a  pan 
which  contained  melted  zinc.  After  three  hours  of  rest, 
without  any  rake  agitation,  the  lead  was  racked  off  through 
an  iron  pipe  at  the  bottom  of  the  pan ;  the  disargentation 
was  complete.  Upon  the  same  zinc  was  poured  a  fresh 
quantity  of  lead,  and  it  was  operated  upon  in  a  similar 
manner.  The  content  in  silver  could  thus  be  brought  to 
25  per  cent,  always  with  the  use  of  the  same  zinc,  and 
without  reducing  the  completeness  of  the  impoverishment 
of  the  lead.  The  lowest  strata  of  the  lead  contained  only 
J  per  cent  of  zinc,  the  highest  ones  about  i  per  cent. 

The  argentiferous  zinc  which  was  thus  obtained  was  then 
distilled  in  a  Silesian  mufSe.  The  silver  remained  with  the 
lead  which  was  mixed  with  the  zinc  in  the  triple  alloy. 
Operating  upon  200  kilos,  of  the  triple  alloy,  there  were  120 
kilos,  of  raw  lead  to  ij-  per  cent  of  silver,  which  was  treated 
by  direift  cupellation  to  isolate  the  silver.  As  regards  the 
expense,  it  was  found  that  this  process  of  disargentation 
costs  only  one-third  of  that  of  the  old-fashioned  direA 
cupellation  in  mass.  The  latter  costs  35  francs  50  cent,  for 
the  ton  of  raw  lead,  without  including  general  expenses,  but 
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taking  into  account  4J  per  cent  of  loss  upon  the  lead.  Dis- 
argentation  by  zinc  thus  costs  lo  francs  50  cent.,  or  about 
12  francs,  including  the  expense  of  distillation  of  the  zinc, 
the  cupellation  of  the  rich  lead,  and  the  maintenance  of  the 
implements  and  apparatus.  The  expenditure  of  the  zinc 
process  is  composed,  in  reality,  of  the  following  details : — 

Wages  to  Workmen 1*30 

Coal 3*oo 

5  kilos,  of  waste  in  the  lead     ....  2*25 

3  kilos.  loss  on  the  zinc 1*85 

7-50  grammes  loss  on  the  silver    .     .     .  i"65 

Total 10*05 

Notwithstanding  this  evident  advantage,  they  did  not 
venture  in  1853  to  adopt  the  new  process  at  Tamowitz. 
They  feared  not  to  be  able  to  deprive  the  lead  itself,  in  a 
convenient  manner,  of  the  small  residual  amount  of  zinc. 
They  confined  themselves  to  experiments  for  its  purification 
by  means  of  a  prolonged  re-melting  of  the  lead,  with  long 
repose.  Karsten,  however,  in  the  end,  did  advise  the  prac- 
tical use  of  zinc,  and  expressed  his  opinion  that  the  lead 
could  be  purified,  by  means  of  oxidation,  on  the  hearth  of  a 
reverberatory  furnace.  These  previsions  of  Karsten  have 
been  realised.  The  zinc  refining  of  the  raw  lead  is  applied 
at  the  present  time,  not  only  in  England,  but  also  in 
Germany  and  in  France ;  and  it  is  found  easy  to  separate 
now,  either  by  oxidation  or  by  chlorinisation,  all  the  zinc 
from  the  disargentated  or  poor  lead,  so  as  to  render  it  fit  for 
commerce.  Comparing  the  sum  of  zo'05  francs,  or  even  of 
12  francs,  with  the  prime  cost  of  the  Pattinson  process,  it 
will  be  seen  that  the  zinc  refining  has  the  advantage.  The 
loss  on  the  lead,  which  amounts  to  2  per  cent  in  the 
Pattinsonising,  properly  speaking,  is  in  this  case  reduced  to 
one-half,  or  to  1  per  cent.  If  we  add  to  that  the  advantage 
of  less  extensive  works  and  of  a  much  quicker  mode  of 
operating,  we  arrive  at  a  reduftion  both  of  the  capital 
invested  in  the  establishment  and  the  Seating  capital  needed 
to  carry  it  on. 
Thisdisargentationby  zinc  is  in  use  in  Wales;  in  Germany, 
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at  the  works  at  Mechernich,  near  Commom,  and  at  Braubach 
on  the  Rhine ;  in  France,  at  La  Pise,  and  at  the  refining 
works  of  M.M.  de  Rothschild,  at  Havre.  (Parkes's  process 
has  lately  been  adopted  in  many  other  works  besides ;  for 
instance,  in  the  lead  works  of  the  Hartz.)  At  Braubach,  in 
place  of  driving  off  the  zinc  from  the  silver  by  volatilisation, 
as  they  do  at  Tamowitz,  and  as  is  done  in  Wales,  they 
separate  it  in  a  very  ingenious  way.  From  lead  drosses  or 
chimney  fumes  they  obtain  chloride  of  lead,  by  direft  treat- 
ment with  dilute  hydrochloric  acid,  an  edudl  of  chemical 
works.  This  chloride  of  lead  is  agitated  in  a  cast-iron  pan, 
with  the  rich  silver  zinc  at  a  low  red  heat ;  chloride  of  zinc 
is  formed,  and  the  lead  set  free,  which  is  then  separated  from 
the  silver  by  cupellation.  The  poor  lead  again  is  deprived 
of  its  small  content  of  zinc,  by  treating  it  in  like  manner 
with  chloride  of  lead.  The  chloride  of  zinc  is  treated  in 
reverberatory  furnaces,  in  order  to  extraiJt  any  remains  of 
lead  mechanically  mixed  with  it.  It  would  seem  to  us  better 
practice  to  lixiviate  and  wash  out  the  lead,  and  to  concen- 
trate the  chloride  of  zinc,  for  which  a  market  might  be  found 
as  a  vegetable  preservative  and  disinfectant. 

Gniner  gives  his  own  preference  to  the  steam  oxidation 
process  for  getting  rid  of  the  zinc,  rather  than  to  the  treat- 
ment by  chloride  of  lead,  as  being  niore  efficacious,  less 
unwholesome,  and  less  costly. 


SPENCB'8    PROCESS  FOR    CALCINING   COPPER  AND 
OTHER  ORES. 
Patented  January  7th,  1868. 
Mr.  Peter  Spence's  improvement  of  his  roasting  furnace 
described  in  vol.  ii.,  p.  152,  consists  in  the  use  of  instru- 
ments or  rakes  which  travel  in  the  furnace  to  stir  the 
material,  and  also  to  bring  it  gradually  forward  to  the  end 
at  which  it  is  discharged.    Any  other  furnace,  in  which  the 
heat  is  admitted  to  a  chamber  beneath  the  ores,  may  be 
likewise  used. 
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The  raking  machinery  is  applicable  to  all  compounds  con- 
taining sulphur,  if  inasmall  or  powdered  form,  such  as  mundic, 
copper  ores,  zinc  ores,  and  some  artificial  compounds  con- 
taining sulphur,  and  which  are  difficult  to  work  by  hand 
stirring.  It  gives  almost  perfedl  immunity  from  dependence 
upon  the  carefulness  of  workmen,  and  with  mechanical 
chaiging  of  the  furnaces  independence  of  the  workmen 
would  be  perfeiflly  realised. 

The  raking  machinery  is  perfedlly  successful  in  adtual 
working,  each  engine  at  present  working  two  furnaces  with 
a  very  small  expenditure  of  steam,  and  giving  very  regular 
results,  with  a  loss  on  the  average  of  under  3  per  cent  of  all 
the  sulphur  contained  in  the  ores  operated  upon,  each  engine 
effefting  a  saving  in  ai5lual  labour  expense  of  £1.20  per 
annum. 

Fig.   133. 


The  patent  is  numbered  64,  and  we  cannot  better  describe 
the  principle  of  the  process  than  by  using  Mr.  Spence's  own 
words,  quoted  from  the  specification  :  — 

"  Fig.  133,  represents  in  longitudinal  section  a  portion  of 
a  furnace  with  my  improvement  adapted,  and  Fig.  134  is  a 
cross  seiflion  thereof. 

"The  bed  of  the  furnace  is  at  »,  in  which  are  mounted  two 
rails,  b ;  upon  these  rails  are  wheels,  c,  mounted  loosely 
upon  axles  which  are  attached  to  a  frame,  d ;  to  this  frame 
is  bolted  a  bar,  e,  carrying  on  its  under  side  a  rack,  /,  and 
resting  upon  rollers,  one  of  which  is  shown  at  g ;  but  there 
are   several   placed   at    intervals,  carried   by  any   suitable 


,;  Google 


784  SUPPLEMENT. 

bearings,  the  length  of  the  bar,  e,  being  such  as  not  to  pass 
off  the  innermost  of  the  said  rollers  when  the  frame,  d,  is  at 
the  back  end  of  the  furnace.  The  frame,  d,  carries  two  rows 
of  instraments.  A,  A',  which  projefl  downward  nearly  to  the 
bed  of  the  furnace,  and  the  two  rows  are  so  placed  that  an 
instrument  in  one  row  is  opposite  to  a  space  in  another ;  at 
Figs.  135  and  136  they  are  shown  detached,  the  latter 

Fig.  134. 


showing  their  horizontal  seftioa,  and  it  will  be  seen  that  on 
one  side  they  are  pointed  and  on  the  other  flat.  At  i  is  the 
Bre-place,  and  at  h  the  chamber,  through  which  the  pro- 
dui5ls  of  combustion  pass,  and  by  means  of  which  the  fur- 
nace becomes  heated.      At  /  is  one  of  a  series  of  doors 

Fig.  135. 


extending  at  intervals  along  each  side  of  the  furnace,  as  de- 
scribed in  the  specifications  of  my  former  patents  aforesaid, 
and  at  the  front  of  the  furnace  is  an  inclined  shute, «,  through 
which  the  material  passes  when  calcined.  The  ore  having 
been  first  ground  or  otherwise  brought  into  a  state  of  fine 
division  is  fed  across  the  furnace  through  one  of  the  doors 
at  the  back  thereof,  and  motion  is  communicated  by  means 
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of  the  shaft  and  pinion,  m,  to  the  rack,  /,  whereby  the 
frame,  d,  will  be  caused  to  advance  towards  the  back  of  the 
furnace ;  the  instruments,  h,  moving  in  the  direiftion  of  the 
arrow,  Fig.  136,  the  pointed  parts  will  therefore  advance 
through  the  material,  and  their  curved  bottoms,  seen  in 
^'S-  I35>  ^i^ing  as  ploughshares  will  stir  and  turn  the 
material  over.  When  the  frame  has  reached  the  back  of 
the  furnace,  the  motion  of  the  shaft,  m,  is  reversed,  and  the 
frame,  d,  with  its  instruments,  travels  towards  the  front  of 
the  furnace,  and  the  fiat  parts  of  the  said  instruments  will 
now  therefore  a^  against  the  material,  a  portion  of  which 
will  be  carried  forward.  The  frame,  d,  and  its  stirrers  is 
now  in  a  highly  heated  state,  and  in  order  to  allow  it  to  cool, 
the  motion  of  the  shaft,  m,  is  arrested,  so  that  the  apparatus 

Fig.  136. 


fm 


may  remain  stationary  for  a  period,  and  as  it  is  now  over 
the  shute,  n,  it  receives  the  current  of  air  passing  through 
the  same.  When  the  desired  cooling  has  been  efFedted  (say, 
in  four  or  five  minutes),  the  shaft,  ?»,  is  again  put  in  motion 
and  the  operations  above  described  are  repeated.  The 
charge  above  described  is  repeated  at  the  back  end  of  the 
furnace  about  every  hour,  and  I  find  the  said  charge  may 
be  about  i\  cwts.  for  a  furnace  32  feet  long  and  6  feet  wide, 
the  speed  of  the  rakes  being  about  two  minutes  from  the 
front  of  the  furnace  to  the  back  and  back  again  ;  and  as  the 
above-mentioned  charging  continually  goes  on  for  each  said 
hour  a  portion  of  the  material  is  carried  forward  each  time 
by  the  flat  part  of  the  rakes,  and  is  ultimately  delivered 
through  the  shute,  «  ;  but  as  such  portions  are  continually 
falling  off  the  rakes,  they  are  only  carried  forward  through 
VOL.  in.  3  E 
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short    spaces    at    each  raking,  and  they  therefore    only 
gradually  make  their  way  to  the  delivery  end. 

"  I  have  above  described  my  invention  so  far  as  regards  the 

Fig.  137. 


Fig.  138. 

essential  charatSter  thereof,  namely,  the  method  of  stirring 
the  material  and  of  gradually  bringing  it  to  the  deliveiy  end 
of  the  furnace. 
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"  The  mechanical  means  of  causing  the  forward  and  back- 
ward motion  of  the  rakes  may  be  varied  to  a  considerable 
extent,  as  will  be  evident  to  all  competent  mechanics ;  but 
I  will  now  point  out  an  arrangement  which  I  have  had  in 
use  and  have  found  to  answer  the  purpose,  referring  for  this 
purpose  to  Figs.  137  and  138,  the  former  being  a  side  view, 
and  the  latter  a  plan  of  a  pair  of  engines  and  other  parts 
which  may  be  used  separately  for  each  furnace,  or  for  two 
or  more.  At  i,  z,  are  two  steam  cylinders,  communicating 
motion  by  their  piston  rods  to  the  crank  shaft,  3,  upon  which 
there  is  a  pinion,  4,  taking  into  a  wheel,  4*,  which  is  on  the 
shaft,  m,  the  same  as  that  denoted  by  the  same  letter 
of  reference  in  Fig.  133.  Upon  the  crank  shaft,  3,  is  a 
bevil,  5,  taking  into  another,  6,  upon  a  shaft  mounted 
in  a  bearing,  7,  and  this  shaft  is  provided  with  a  worm,  8, 
in  gear  with  a  worm  wheel,  g,  mounted  on  a  shaft, 
10;  on  this  shaft  is  a  tappet,  11,  which  at  intervals,  as  will 
be  described,  arrives  .in  contact  with  a  pin,  12,  proje<5ting 
from  a  lever,  13,  turning  loosely  upon  the  shaft,  10,  and  the 
said  lever,  13,  also  carries  another  projecting  pin,  14,  situate 
beneath  the  ordinary  excentric  rod,  15,  which  at  its  end  is 
connedted  to  the  valve  rod  by  the  usual  gab  motion,  16. 
The  steam  pipe  for  the  cylinders  is,  at  17,  provided  with  a 
stop  tap,  18,  upon  which  is  mounted  a  lever,  19,  19',  the 
end,  ig*,  thereof  being  pressed  in  the  direction  of  the  arrow 
by  a  spring,  20,  and  the  said  end,  19*,  is  jointed  so  as  to  be 
capable  of  turning  against  the  force  of  the  said  spring  in  one 
diredtion.  Adjoining  the  steam  cylinders,  i,  2,  is  a  supple- 
mentary small  steam  cylinder,  21,  the  piston  of  which  is 
constantly  going  and  communicates  motion  to  a  crank,  32, 
on  the  shaft  of  which  is  a  worm,  23,  taking  into  a  wheel,  24, 
which  then  drives  the  train  of  clockwork,  25,  26,  27,  28,  on 
the  last  of  which  there  is  a  projefting  pin,  29,  arriving  at 
certain  times  in  contact  with  the  lever,  ig.  According  to 
the  positions  of  the  parts  shown,  the  rakes  are  proceeding 
from  the  front  to  the  back  of  the  furnace  and  have  nearly 
reached  that  position,  they  having  been  driven  forward  by 
the  wheel  on  the  shaft,  m.  The  tappet,  11,  will  therefore 
soon  arrive  in  contaift  with  the  projedling  pin,  la,  and  when 
3  E  2 
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that  takes  place  the  said  lever  will  be  turned  over  until  the 
weight  thereon  has  passed  the  vertical  line,  after  which  it 
will  fall  over  and  bring  the  pin,  14,  to  bear  against  the 
excentric  rod,  15,  which,  by  turning  upon  the  rocking  lever, 
30,  will  shift  the  position  of  the  gab  motion,  16,  and  thus 
reverse  the  engines,  there  being  a  lever,  13,  and  pins,  12, 
14,  for  each  of  the  two  driving  steam  cylinders ;  the  driving 
wheels  will  now  revolve  in  the  contrary  direction,  and  the 
rakes  will  travel  back  towards  the  front  of  the  furnace, 
carrying  with  them,  as  before  described,  a  portion  of  the 
material.  When  this  has  been  effedled,  the  lever,  31,  on  the 
shaft,  10  (and  which  is  now  moving  in  a  direction  contrary 
to  the  arrow),  will  arrive  in  contaift  with  the  lever,  19*, 
thereby  causing  the  stop-tap,  18,  to  be  turned  and  the 
steam  to  be  shut  off;  the  motive  power  being  thus  arrested, 
the  rakes  will  remain  at  the  front  and  colder  end  of  the 
furnace  a  sufficient  time  to  cool,  and  that  period  is  deter- 
mined in  the  following  manner: — It  has  been  stated  that 
the  small  cylinder,  21,  is  constantly  supplied  with  steam, 
and  the  train  of  gearing,  23  to  28,  is  therefore  constantly 
revolving,  and  the  numbers  of  teeth  are  so  arranged  that 
when  the  rakes  have  been  allowed  to  remain  stationary  a 
certain  time,  a  pin,  29,  upon  the  wheel,  28,  arrives  in  contact 
with  the  lever,  19,  thereby  turning  the  stop-tap  so  as  to 
open  it  and  admit  steam  to  the  cylinders,  i,  2;  when  this 
is  done  the  tappet,  II,  will  at  the  same  time  again  arrive 
against  the  pins,  12,  but  on  the  side  thereof  opposite  to  that 
above  mentioned,  the  levers,  13,  will  therefore  be  turned 
back  into  the  position  shown,  thereby  removing  the  pins, 
14,  from  the  excentric  rods,  15,  and  allowing  them  to  fall  and 
again  reverse  the  engine,  so  that  the  rakes  will  now  be 
moved  to  the  back  of  the  furnace,  and  thus  the  operation 
continues.  When  the  lever,  37,  turns  back  after  having 
shut  off  the  steam,  the  spring  joint  of  the  lever,  19*,  allows 
it  to  pass. 
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F.  Ellershaosen,  Ottawa,  Canada. — Patent  dated 
April  3rd,  1868.* 
This  invention  relates  to  a  peculiar  process  for  manufac- 
turing cast-steel  and  malleable  iron  direifl  from  cast-iron, 
and  to  certain  peculiar  construftioss  and  arrangements  of 
apparatus  to  be  employed  for  that  purpose.  The  peculiar 
process  whereby  cast-iron  is  converted  into  cast-steel  or 
malleable  iron,  consists  essentially  in  the  use  of  oxides  of 
iron  in  a  form  possessing  a  considerable  extent  of  surface, 
such,  for  example,  as  spongy  iron  as  it  comes  from  the 
puddling  furnace,  or  sheet  iron  or  iron  curlings,  somewhat 
similar  to  the  beech  shavings  used  in  vinegar  generators. 
This  curled  sheet  iron  is  placed  in  a  vessel  or  receptacle 
called  the  convertor,  which  is  capable  of  being  brought  into 
communication  with  a  furnace,  in  order  to  bring  the  sheet- 
iron  curlings  to  a  white  heat,  which  temperature  is  main- 
tained during  a  sufiicient  length  of  time  to  insure  complete 
oxidation  of  the  metal.  When  this  is  accomplished,  the 
communication  with  the  furnace  is  shut  off,  and  a  quantity 
of  molten  cast-iron  is  poured  into  the  convertor,  bo  as  to 
unite  with  the  oxide  of  iron.  The  great  objedt  in  this  pro- 
cess is  to  expose  as  large  a  surface  as  possible  of  oxide  of 
iron  to  the  fluid  cast-iron,  so  as  to  effedl  a  rapid  and  simul- 
taneous combustion  throughout  the  entire  mass,  which 
increases  the  temperature  to  such  a  degree  as  to  cause  the 
conversion  to  be  completed  whilst  the  metal  is  in  a  fluid 
state.  Before  the  cast-iron  is  introduced  into  the  convertor, 
decarbonising  and  purifying,  or  steel-improving  agents,  such, 
for  example,  as  oxide  of  manganese,  may  be  strewn  or 
deposited  in  the  interstices  of  the  sheet-iron  curlings,  or  its 
substitutes,  in  order  to  facilitate  the  combustion  and  puri- 
fication. The  subsidence  of  the  combustion  will  indicate 
that  the  conversion  is  completed,  when  the  metal  may  be 
run  off  and  the  process  repeated. 

According  to  one  arrangement  of  apparatus  for  carrying 

*  The  ProOical  Uechanic'i  Joiunal,  Nov.  1,  iSSS.    AnU,  p.  703. 
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out  or  applying  the  peculiar  process  hereinbefore  described, 
a  converting  vessel  or  chamber  is  construfted  upon  the 
upper  portion  of  a.  furnace,  which  may  be  of  any  convenient 
size  and  form,  and  be  provided  with  blast-pipe  and  fire-bars. 
The  converter  is  divided  from  the  furnace  internally  by  an 
arched  division,  which  forms  the  bottom  of  the  convcrtor  and 
the  roof  of  the  furnace.  A  series  of  flues  or  passages  are 
made  round  the  said  division,  communicating  with  the  fur- 
nace, in  order  to  allow  of  the  curled  iron,  or  its  substitute, 
placed  in  the  convertor,  being  thoroughly  heated.  Each 
flue  or  passage  is  capable  of  being  closed,  at  pleasure,  by  a 
sliding  stop  of  fire-clay  or  other  suitable  material,  capped 
outside  with  metal,  which  ^tops  are  held  in  position,  when 
closed,  by  means  of  holdfast  screws,  in  order  that  they  may 
not  be  forced  out  by  the  pressure  of  the  molten  metal  in  the 
convertor.  Loose  blocks  or  doors  are  provided  for  affording 
ready  access  to  the  interior  of  the  flues  or  passages,  and  to 
the  seats  of  the  sliding  stops,  for  repairs.  The  bottom  of 
the  convertor  is  hollowed  or  dished  slightly,  in  order  that,  in 
the  event  of  any  of  tLe  metal  in  the  aift  of  oxidising  becoming 
fluid,  it  may  receive  the  same.  A  movable  hood  or  cap  is 
fitted  on  to  the  top  of  the  convertor,  of  the  same  form  and 
diameter  at  the  base  as  the  interior  of  the  convertor,  but 
tapering  towards  the  mouth,  which  is  curved  to  one  side, 
and  is  in  connection  with  a  chimney  shaft. 

According  to  another  modiflcation  of  apparatus,  a  remov- 
able cast-iron  flue  serves  to  convey  the  flame  and  heat  from 
the  furnace  to  the  convertor,  which  convertor  is  supported 
on  pillars  or  columns  on  the  furnace  roof;  the  said  flue 
being  placed  over  the  aperture  of  the  furnace  when  required 
for  use,  and  removed  again  when  not  wanted.  A  flap-door 
or  false  bottom  is  hinged  to  the  bottom  of  the  convertor,  and 
when  this  door  is  open  the  interior  of  the  convertor  is  in 
immediate  contaifl  with  the  flame  from  the  furnace,  which 
is  carried  up  through  the  circular  removable  flue.  A 
lateral  discharge  aperture  for  the  molten  metal  is  formed 
at,  or  near,  the  bottom  of  the  convertor,  and  upon  the  top 
of  the  convertor  there  is  fitted,  by  hinges  or  otherwise,  a 
cap  or  hood  of  the  form  above  described. 
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In  converting  cast-iron  into  cast-steel  by  the  aid  of  either 
of  these  apparjitus,  curled  sheet  iron  is  placed  in  the  con- 
vertor ;  after  which  the  hood  is  applied  and  connecEted  with 
the  chimney,  and  the  sliding  stops  or  removable  flue  are 
adjusted.  Fire  is  then  raised  in  the  furnace  beneath  until 
the  sheet  iron  curlings,  or  substitutes  therefor,  in  the  con- 
vertor  are  brought  to  a  white  heat,  and  so  maintained  till 
complete  oxidation  has  taken  place.  The  sliding  stops  are 
then  closed,  or  the  circular  flue  is  removed,  the  door  or  flap 

Fig.  139. 


(if  used)  is  closed  against  the  bottom  of  the  convertor,  and 
the  top  or  hood  is  turned  over.  A  sufficient  quantity  of 
molten  cast-iron  is  then  poured  into  the  convertor  to  unite 
with  the  oxide  of  iron,  causing  rapid  combustion  throughout 
the  mass  and  effedting  conversion. 

Fig.  139  of  the  engravings  is  a  vertical  seCtion  of  one 
arrangement  of  the  improved  furnace  and  convertor,  and 
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Fig.  140  is  a  plan  of  the  convertor  with  the  cap  or  hood 
removed,  a  is  the  furnace,  b  the  fire-grate,  e  a  fan-blast 
pipe  underneath  the  fire-bars.  The  convertor,  /,  is  placed 
direiflly  over  the  furnace,  a,  as  shown  in  Fig.  139,  separated 
from  it,  however,  by  the  arched  roof,  e.  In  order  to  heat 
the  curled  sheet-iron  rolls  which  are  placed  in  the  interior 
of  the  convertor,  four  or  more  flues,  c,  c',  are  arranged  for 
the  purpose  of  allowing  the  flame  and  heat  to  proceed  from 
the  furnace  into  the  convertor,  /.  //  are  stoppers  made  of 
refractory  material,  and  so  arranged  as  to  slide  in  and  out, 
opening  and  closing  the  flues  in  doing  so,  as  shown  in 
Fig.  139,  where  the  flue,  c,  is  shown  open,  and  the  flue,  c', 
closed.  These  stoppers,/',  are  provided  with  holdfast  screws, 
S>  St  to  prevent  any  movement  of  the  stoppers  when  the 

Fig.  140. 


pressure  of  the  liquid  metal  in  the  convertor  is  a(5Ung  against 
them  on  the  inside.  In  order  to  enable  the  operator  to  gain 
access  to  the  flues,  and  also  to  repair  any  damage,  with 
cement,  in  the  comers,  n,  loose  blocks,  m,  are  so  arranged 
as  to  afford  access  to  that  part ;  a'  b'  are  metal  caps  attached 
to  the  outer  ends  of  the  stoppers,/'/.  The  bottom  of  the 
convertor  is  curved  or  dished  in  the  manner  shown  at  o,  so 
that  in  the  event  of  any  of  the  metal  in  the  adt  of  oxidising 
becoming  fluid,  it  will  be  retained;  1  is  the  discharging  spout 
for  running  off  the  molten  converted  metal ;  m'  is  a  hood  or 
cap-piece,  more  fully  referred  to  on  page  794,  having  an 
open  contrai5ted  mouth  at  n'. 
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Fig.  141  is  a  vertical  sedtion  of  another  modification  of 
furnace  and  converter,  a  is  the  furnace,  of  any  convenient 
size  or  form,  provided  with  fire-bars,  b,  6,  ash-pit,  c,  feeding 
door,  d,  for  the  admission  of  fuel,  and  blast-pipe,  e,  of  the 
usual  form.  On  the  top  of  this  furnace  is  placed  the  con- 
vertor,/,  constructed  of  brick,  with  an  external  boiler-plate 

Fig.  141. 


casing  to  strengthen  the  same,  as  in  the  tirst  modification  ; 
it  may  be  supported  on  pillars,  g",  g",  resting  on  the  top  of 
the  furnace.  A  is  a  removable  flue,  for  the  purpose  of  con- 
veying the  flame  or  heat  from  the  furnace  to  the  convertor. 
This  flue  is  circular  in  form,  of  cast-iron,  and  placed  over 
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the  aperture  of  ^the  furnace  when  it  is  required  to  pass  the 
flame  or  heat  through  the  convertor.  This  flue  is  removed 
from  under  the  convertor  when  it  is  required  to  close  the 
flap-door  or  false  bottom,  i,  attached  to  the  lower  side  of  the 
convertor  by  the  hinge,  k ;  this  door  is  also  lined  on  the 
inside  with  fire-brick.  When  this  door  is  open,  the  whole 
interior  area  of  the  convertor  is  in  immediate  contaifl  with 
the  flame  from  the  furnace  carried  through  the  flue,  k,  which 
is  then  in  place  for  that  purpose.  /  is  an  aperture  for  the 
discharge  of  the  molten  metal  from  the  convertor,  when  the 
same  is  ready  for  withdrawal ;  m'  is  the  hood  or  cap-piece  of 
metal,  of  the  peculiar  form  shown  in  the  drawings,  circular 
at  the  base,  and  of  the  same  internal  diameter  as  that  of  the 
convertor ;  it  is  attached  to  the  top  of  the  convertor  by  a 
hinge  or  other  suitable  fastening,  so  arranged  as  to  permit 
of  its  being  elevated  or  turned  back  when  required.  This 
cap-piece  terminates  in  a  reduced  diameter  at  »',  for  the 
purpose  of  conneiflion  with  a  chimney  shaft  to  carry  off  the 
produiils  of  combustion. 

On  the  principle  that  carbon  cannot  exist  at  a  white  heat 
in  the  presence  of  oxygen  without  combustion  ensuing,  and 
also  that  the  combustion  will  proceed  with  a  rapidity  de- 
pendent on  the  extent  of  surface  exposed  to  the  united  action 
of  the  carbon  and  oxygen  with  an  increase  of  temperature, 
the  invention  or  discovery  has  been  made  that,  by  the  use  of 
certain  mechanical  appliances  in  conjunftion  with  the  fore- 
going, cast-iron  may  be  readily  converted  into  cast-steel  or 
into  malleable  iron,  and  which  maybe  accomplished  in  the 
following  manner,  with  greater  economy  both  in  time  and 
expense,  and  at  the  same  time  yielding  a  superior  description 
of  steel  or  malleable  iron. 

These  results  are  brought  about  in  the  following  manner : — ■ 
Sheet-iron  is  curled  in  a  similar  manner  to  the  beech 
shavings  used  in  vinegar  generators,  and  is  placed  id  the 
interior  of  the  converter,  / ;  this  vessel  is  open  at  the 
top,  but  is  provided  with  means  for  the  upward  passage  of 
the  flame  from  the  furnace,  a,  through  the  interior  of  the 
converter  ;  the  cover,  m',  is  then  put  in  place  and  connei5led 
with  the  chimney,  the  flues  or  passages,  c,  c,  the  lower  door,  t, 
are  opened,  and  the  flue,  h,  in  the  latter  arrangement  put 
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in  place.  Fire  is  then  introduced  into  the  furnace,  a,  and 
the  temperature  raised  to  such  a  degree  as  to  bring  the  sheet- 
iron  curlings  in  the  converter  to  a  white  heat,  and  continued 
for  a  sufficient  length  of  time  to  insure  the  complete  oxidation 
of  the  same.  When  this  is  accomphshed,  the  flue,  h  (if  em- 
ployed) is  removed,  and  the  door,  t,  closed,  and  the  top 
cover,  m',  is  turned  over,  or  the  stops,  /,/,  in  the  first 
arrangement,  are  pushed  in,  so  as  to  close  the  passages,  c,  c. 
A  sufficient  quantity  of  molten  cast-iron  is  then  poured  into 
the  top  of  the  converter,  to  unite  with  the  oxide  of  iron  as 
may  be  required.  It  will  be  evident  from  the  manner  in 
which  the  sheet-iron  curlings,  afterwards  converted  into  an 
oxide  of  iron,  were  originally  placed  in  the  converter,  that  a 
large  surface  of  oxide  of  iron  is  exposed,  within  a  compara- 
tively small  space,  to  contadl  with  the  incoming  molten  cast- 
iron,  uniting  the  particles  of  each  in  close  conjuni5tion,  and 
causing  a  rapid  combustion  throughout  the  entire  mass, 
which  increases  the  temperature  to  such  a  degree  as  to  effei5l 
the  conversion  white  the  metal  is  in  a  fluid  state.  In  place 
of  the  sheet-iron  curlings  other  oxides  may  be  used,  if  they 
possess  the  desired  extent  of  surface — forinstance,  spongy  iron 
as  it  comes  from  the  puddling  furnace. 

In  either  of  the  above  cases  before  the  cast-iron  is  intro- 
duced into  the  converter,  decarbonising  and  purifying,  or 
steel  improving  agents,  such,  for  instance,  as  oxide  of  man- 
ganese, may  be  strewn  or  deposited  in  the  interstices  of  the 
sheet-iron  curlings,  or  its  substitutes,  in  order  to  facilitate 
the  combustion  and  purification.  When  the  conversion  is 
completed,  which  can  be  easily  determined  by  the  subsidence 
of  the  combustion,  the  metal  is  drawn  off  through  the  tap  or 
discharge  spout,  I,  and  the  process  is  repeated.  The  quantity 
of  metal  to  be  operated  on  during  each  conversion  may  range 
from  ^  of  a  ton  to  10  tons. 


SIEMENS'S    PROCESS    OP    PRODUCING    STEEL    DIRECT 
FROM   THE   ORE. 

The  experiments  on  this  important  process  are  now  so  far 
completed,  that  it  is  expelled  the  process  will  soon  be  intro- 
duced into  pra(5tice. 
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Mr.  Siemens  described  the  process  in  a  leAure  delivered 
before  the  Fellows  of  the  Chemical  Society  on  the  7th  of 
May,  1868,  in  the  following  terms  : — 

Although  I  have  succeeded  in  producing  malleable  steel 
from  ordinary  English  iron  by  this  process,  it  would  be  un- 
reasonable to  expeft  steel  of  really  high  quality,  in  using 
those  materials  which  are  already  contaminated  in  the  blast- 
furnace ;  and  I  am  sanguine  in  the  expeiftation  of  producing 
cast-steel  superior  in  quality,  and  at  a  low  cost,  direiftly  from 
the  better  description  of  ores,  such  as  the  hsematites,  mag- 
netic oxides,  and  the  spathic  carbonates.  My  experiments 
in  this  direflion  extend  over  several  years ;  and  in  1S67  I 
sent  a  few  bars  of  steel  produced  from  hjematite  ore,  to  the 
French  Exhibition,  which  had  stood  a  high  test  in  Kirkaldy's 
machine.  A  "  grand  prix  "  was  awarded  for  this  and  other 
applications  of  the  regenerative  gas  furnaces. 

Having  tried  various  modifications  of  the  furnace,  I  have 
arrived  at  a  form  of  apparatus  not  dissimilar  to  the  one  shown 
in  Figs.  142,  143,  144,  and  145.  The  furnace  and  tapping 
arrangements  are,  indeed,  the  same  as  those  used  in  the 
Siemens-Martin  steel  process,  except  that  for  the  slanting 
hoppers,  vertical  hoppers  over  the  middle  of  the  bath  are 
substituted,  in  which  the  ore  gradually  descends.  Each 
hopper  is  formed  of  a  cast-iron  pipe,  supporting  a  clay-pipe, 
which  is  attached  to  it  by  means  of  a  bayonet  joint,  and 
reaches  down  into  the  furnace,  while  the  cast-iron  pipe  rests 
with  its  Hange  on  the  charging  platform. 

A  fire  space  is  provided  surrounding  each  hopper,  through 
which  fiame  ascends  from  the  furnace,  and  is  allowed  to 
escape  in  regulated  quantities  near  the  upper  extremity  of 
the  retort,  the  objefl  being  to  heat  the  latter  and  the  ore 
contained  in  it  to  a  red  heat.  A  wrought-iron  pipe  descends 
into  each  hopper  from  a  general  gas  tube  above,  through 
which  a  current  of  ordinary  producer  gas  is  forced  in  amongst 
the  heated  ore.  The  propulsion  of  the  gas  is  effefted  most 
conveniently  by  means  of  a  steam  jet  in  the  gas  tube  leading 
from  the  main  gas  channel  to  the  top  of  the  furnace,  care 
being  taken  to  effefl  a  total  condensation  of  the  steam  by 
passing  the  gas  finally  through  a  small  scrubber,  in  which 
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water  trickles  over  pieces  of  coke.  In  this  way  the  gas  is  at 
the  same  time  purified  from  sulphurous  acid,  the  sulphur  of 
which  might  otherwise  combine  with  the  reduced  ore. 

F:g.   142. 


Longitudinal  Sei^ion  on  the  Line  o  h. 

The  furnace  is  charged  in  the  following  manner  : — 
The  hoppers  and  gas  pipes  being  placed  in  position,  about 
}  cwt,  of  charcoal  is  charged  through  each  hopper  to  form  a 
basis  for  the  ore  with  which  these  are  afterwards  filled. 

About  10  cwts.  of  pig  metal  is  charged  through  the  ports 
at  the    back   or  front  of   the   furnsce,   which,  upon    being 
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melted,  forms  a  metallic  bath  below  the  hopper.  In  the 
meantime,  the  ore  in  the  lower  parts  of  the  hoppers,  being 
heated  in  an  atmosphere  of  reducing  gas,  has  become 
partially  reduced  into  metal  sponge,  which,  in  reaching  the 
metallic  bath,  is  readily  dissolved  io  it,  making  room  for 

Fig.  143. 

The  Regknerative  Gas  Furnace  ab  Applied  to  the  Production  of 

Cast-Stbel.  Dirbctlv  from  the  Orb. 


Transverse  Sedioo  OD  Line  c  D. 

the  descent  of  the  superincumbent  ore,  which  is  likewise  re- 
duced in  its  descent  and  dissolved  in  due  course,  fresh  ore 
being  continually  supplied  on  the  charging  platform.  The 
dissolution  of  the  reduced  ore  proceeds  with  extraordinary 
rapidity,  but  is  practically  limited  by  the  time  necessary  to 
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effect  the  reduftion  of  the  ore  in  the  hopper,  which  occupies 
several  hours.  It  is,  however,  not  essential  that  the  ore 
should  be  thoroughly  reduced  before  reaching  the  bath, 
because  the  carbon  contained  in  the  cast  metal  serves  also 
to  complete  the  operation. 

I  prefer  to  employ  a  mixture  of  haematite  and  spathic  ore, 
containing  the  elements  for  forming  a  fusible  slag,  which 
will  accumulate  on  the  surface  of  the  metallic  bath,  and  may 
be  from  time  to  time  removed  through  the  centre  door.  If 
the  ore  contains  any  silica,  it  is  necessary  to  add  some  lime 
or  other  fluxing  materials,  but  it  is  desirable  to  employ  ores 

Fig,  144. 


Hairplan  through  the  regenerator  chamber  and  main  gas  flue. 
Scale  J  inch  to  a  Toot. 
«,A,  Chiriing  ihoali  for  IhE  ok. 
c'  fubc  cw^rngrcdiuing iuIdU  tin  dkh  of  ore. 

containing  little  gangue,  in  order  not  to  encumber  the  fur- 
nace with  slag,  reserving  the  poorer  ores  for  the  blast 
furnace.  The  ore  should,  moreover,  be  in  pieces  ranging 
from  the  size  of  a  pea  to  that  of  a  walnut,  in  order  to  be 
pervious  to  the  reducing  gases.  If  ores  in  the  form  of 
powder  are  employed,  it  is  necessary  to  mix  them  with  about 
10  per  cent  by  weight  of  light  carbonaceous  materials,  such 
as  diy  peat,  wood,  or  charcoal. 

The  metallic  bath  having  sufficiently  increased  in  the 
course  of  from  three  to  four  hours,  the  supply  of  ore  is 
stopped,  and  that  contained  in  the  hoppers  is  allowed  to 
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sink.  Before  the  hoppers  are  empty,  a  false  cover  of  cast- 
iron,  lined  with  clay  at  its  under  side,  is  introduced,  being 
suspended  from  above  by  a  strong  wire,  in  order  to  prevent 
the  access  of  flame  to  the  interior  of  the  empty  hoppers. 
Charcoal  and  ore  are  filled  in  upon  the  top  of  this  false 
cover,  and,  on  cutting  the  wire,  afterwards  form  the  com- 
mencement of  the  succeeding  charge. 

When  all  the  ore  has  disappeared,  the  metallic  bath  is 
tested  as  before  described  in  reference  to  the  melting  of 
scrap.  If  it  should  be  partially  solidified,  cast-iron  is  added 
to  re-establish  complete  liquefaftion  ;  but  if,  on  the  other 
hand,  the  bath  contains  an  excess  of  carbon,  oxidising  agents 
may  be  added  as  before  described,  in   requisite  proportion. 

Fig.  145. 


SeSion  of  plan  through  the  melting  chamber.        Scale  |  inch  to  a  foot. 

From  5  to  8  per  cent  of  spiegeleisen  is  then  added,  and  the 
furnace  is  tapped. 

The  quality  of  the  steel  produced  is  chiefly  dependent 
upon  the  quality  of  the  ore,  but  considering  that  ores  of 
great  freedom  from  sulphur,  phosphorus,  or  arsenic  can^be 
had  in  large  quantities,  this  process  contains  all  the  elements 
for  producing  steel  of  high  quality. 

Having  tried  a  variety  of  ores,  I  do  not  attach  much  im- 
portance to  their  precise  composition,  so  long  as  they  are 
comparatively  free  from  gangue,  and  from  sulphur  and 
phosphorus,  the   heat  being  sufficient  to  reduce  the  most 
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refraAory.     My  experience  is,  however,  as  yet  limited  to 
experimental  working. 

I  hoped  to  have  been  in  a  position  to  have  given  the 
temperature  of  this  furnace,  as  determined  by  an  eledlric 
resistance  pyrometer,  which  I  have  constniAed  for  this  pur- 
pose, but  have  not  yet  beeuAble  to  obtain  satisfadtoiy  results, 
owing  to  the  destruiflion  of  the  coil  of  platinum  wire,  which 
has  to  be  exposed  to  the  heat.  My  efforts  were  baffled,  more- 
over, by  the  faft,  interesting  in  itself,  that  platinum  wire 
produced  by  fusion  in  Deville's  furnace  does  not  increase  in 
eleftrical  resistance  with  increase  of  temperature,  in  the 
same  ratio  as  that  produced  by  the  old  process,  owing 
probably  to  the  presence  of  carbon  or  other  alloy  in  fraiftiona' 
quantities. 

Avoiding  the  use  of  fused  platinum  wire,  I  have  measured 
temperatures  by  electrical  resistance  up  to  a  full  welding 
heat,  which  I  estimated  at  1600°  C.  »  2900°  F.;  and  in 
judging  the  heat  of  the  steel  melting  furnace  by  comparison 
of  eSeCts,  I  should  put  it  at  not  less  than  2200°  C.  =  4000*  F. 
The  effedl  of  this  degree  of  heat  may  be  judged  by  the 
following : — 

An  ingot  of  rather  hard  cast-steel,  weighing  6  cwts.,  was 
introduced  into  the  furnace  to  be  incorporated  with  the  bath 
of  steel.  The  ingot  was  nearly  cold,  and  was  allowed  to  re- 
main fifteen  minutes  upon  the  bank  before  it  was  pushed 
into  the  bath,  where  it  was  completely  dissolved  in  fifteen 
minutes,  the  time  occupied  in  heating  and  melting  the  ingot 
being  thirty  minutes.  A  cube  of  wrought  metal  of  nearly 
8  inches,  weighing  130  lbs.,  was  also  introduced  cold  into 
the  furnace,  and  allowed  to  remain  upon  the  bank  during 
ten  minutes  to  be  heated  externally  to  whiteness,  before  being 
pushed  into  the  metallic  bath,  when  twelve  minutes  sufficed 
to  render  it  completely  liquid.  It  must  be  borne  in  mind 
that  these  results  are  produced  without  a  strong  draught,  the 
flame  being,  indeed,  so  mild  as  not  to  oxidise  the  unprotected 
metal,  which  can  be  maintained  for  several  hours  as  liquid 
steel  in  the  furnace  without  adding  carbon  in  any  form. 

It  may  be  a  matter  for  surprise  that  the  material  com- 
posing the  furnace  can  be  made  to  resist  such  a  heat,  and  it 
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must  be  admitted  that  best  Dinas  brick  is  the  only  brick 
capable  of  resisting  for  four  to  five  weeks,  by  which  time  the 
thickness  of  the  arch  is  reduced  to  about  2  inches,  by  the 
absolute  fusion  of  the  inner  surface ;  but  this  excessive  heat 
is  confined  to  the  heated  chamber  only,  the  regenerators 
being  at  such  a  moderated  heat,  that  the  chequerwork  will 
stand  for  months,  and  the  arches  for  years  of  constant 
working. 


SIEMENS'S  REGENERATIVE    FURNACES. 
The  following  statements  concerning  these  furnaces  appear 
in   an    interesting   paper   read    by   Mr.   Josiah    T.    Smith, 
before  the  Iron  and    Steel  Institute  at  Middlesborough,  in 
September  last : — 

The  temperature  of  the  gas  at  the  junftion  of  the  upcasts 
with  the  tubes  was  from  1250°  to  1300°  F.,  a  rather  higher 
point  than  had  yet  been  noticed.  Before  it  had  travelled 
200  feet  in  the  tube,  with  an  external  atmosphere  at  60°,  the 
temperature  was  reduced  to  about  130°.  The  author  had 
been  unable  to  ascertain  the  exatfl  quantity  of  heat  lost  by 
radiation  in  the  interval,  but  the  experiments,  although  not 
complete,  were  sufficient  to  show  that  the  quantity  was  so 
small  that  at  present  he  could  see  no  way  of  economically 
applying  it.  This  lowering  of  the  temperature  and  con- 
densation of  the  gases  was  of  advantage  in  many  respefts. 
The  gas  being  heavier,  caused,  in  its  transit  through  the 
tubes  and  the  various  downcasts,  a  syphon  aiflion ;  and  thus 
not  only  drew  the  gas  from  the  producers  to  the  furnaces, 
but,  by  keeping  up  a  slight  outward  pressure,  prevented  the 
admission  of  air  through  any  crevice  in  the  tubes  or  the 
expansion  boxes.  It  also  deposited  the  tar  from  the  coals 
into  a  series  of  wells  beneath  ;  while  the  water  in  the  fuel 
was  also  condensed,  and  thus  prevented  from  causing  a 
waste  of  metal  by  introducing  a  too  great  supply  of  oxygen 
into   the  furnaces.      For  many  months  each  producer   at 
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Barrow  had  volatilised  3  tons  of  coal  per  twenty-four  hours, 
and  the  greatest  economy  efFec5ted  was  when  the  consump- 
tion had  not  exceeded  50  cwts.  Estimating  the  weight 
of  I  cubic  foot  of  gas  at  the  ordinary  temperature  of  the  air 
to  be  o'o75  lbs.,  the  volume  of  carbonic  oxide,  hydrocarbon, 
and  hydrogen,  from  i  ton  of  coal  would  be  about  53,000  feet ; 
and  the  volume  of  nitrogen  about  122,000  feet,  or  making 
together  a  total  of  173,943  feet.  The  consumption  of  coal 
in  the  producers  at  Barrow  being  500  tons  per  week,  it  gave 
an  amount  of  gas  passing  through  the  tubes  at  the  rate  of 
6J  feet  per  second,  of  87,000,000  cubic  feet ;  or  through  the 
various  furnaces,  adding  the  quantity  of  air  there  admitted, 
of  6600  tons.  The  saving  of  fuel  by  this  process  at 
Barrisw  was,  over  a  period  of  two  yeare,  no  less  than  44  per 
cent ;  but  the  a^uai  money  saving,  by  the  use  of  a  par- 
ticular kind  of  coal,  had  been  more  than  one-half.  The 
yield  of  the  gas  furnaces,  taken  over  the  same  period,  showed 
a  saving  of  31  per  cent  as  compared  with  the  work  at  the 
firing  furnaces,  and  the  amount  of  repairs  was  just  two- 
thirds  of  the  old  cost.  In  these  three  particulars  was  un- 
doubtedly to  be  found  the  chief  economy ;  but  the  adoption 
of  the  system  enabled  them  to  preserve  greater  cleanliness 
and  order  in  their  works,  and  an  entire  absence  of  smoke 
met  a  difficulty  which  in  the  neighbourhood  of  large  towns, 
was  every  year  becoming  a  greater  grievance.  There  was, 
he  admitted,  a  slightly  increased  outlay  on  the  plant ;  but 
taking  into  consideration  the  increased  capabilities  as  to 
quantity,  it  would  be  found  to  represent  the  difference  in 
cost  between  the  two  systems. 


Long  experience  has  furthermore  proved  that  in  Siemens's 
furnaces  i  ton  of  pig-iron.  No.  3,  and  i  cwt.  of  spiegeleisen 
produce  i  ton  of  mild  steel.  15  cwts.  of  coal  (small  slack) 
are  consumed  per  ton  of  steel  ingots,  and  5  cwts.  more  for 
converting  the  ingots  into  steel  rails  or  plates. 

In  puddling,  jo  cwts.  of  small  coal  are  used  per  ton  of 
iron,  and  the  yield  of  iron  is  within  i  or  2  per  cent  of  the 
pig-iron  charged. 
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Austi 
I  foot  =  o*3i6ii  metre. 
I  cubic  foot  =  o"03i59  cubic  m 
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England. 
I  foot  =  12  inches  =  0-3048  metre. 
I  cubic  foot  =  o"0283  cubic  metre. 
I  yard  =  3  feet  =  J-  fathom  =  0'9i44  metre. 
I  cubic  yard  =  0*764  cubic  metre. 
I  cwt.  avoirdupois  =  112  lbs.  (i  lb.  =  j6  ounces;  i  ounce 

s=   16  drachms;  i  drachm  =  27*344  grains)   =  5o"8 

kilos. 
I  lb.  avoirdupois  =  0*4536  kilos. 
I  cwt.  troy  =  100  lbs.  (i  lb.  =  12  ounces;  i  ounce  =  12 

pennyweights ;  i  pennjweight  =  24  grains)    =  37'325 

kilos. 
I  lb.  troy  =  0*37325  kilos. 
I  ton  =  20  cwts.  avoirdupois  =  1015  kilos, 
I  fodder  =  21  cwts.  avoirdupois. 

Prance. 

I  metre  =  10  decimetres  =  100  centimetres  =  zooo  milli- 
metres =  0*1  dekametre  =  O'Oi  hektometre  =  o'ooi 
kilometre  =  3*2809  English  feet. 

I  cubic  metre  =  i  kilolitre  =  i  stftre  (measurement  for  coal 
and  fire-wood)  =  35*317  English  cubic  feet  =  22*0097 
English  gallons. 

I  litre  =  I  cubic  decimetre. 

I  corde  (wood)  =  4*387  steres. 

I  kilogramme  =  1000  grammes  =  2*2046  lbs.  avoirdupois 
(English). 

I  metric  cwt.  =  100  kilos.  =  1*9584  English  cwts.  avoirdu- 
pois. 

I  ton  =  lODO  kilos.  =  0*985  English  ton. 

I  lb.  =  500  grammes  =  16  onces  =  128  gros  =  9216 
grains. 

North  America  (United  Sutes.) 
(As  in  England). 

Norway. 
I  foot  =  12  inches  (i  inch  ==  12  lines)  =  0*3139  metre. 
I  cubic  foot  =  0*0309  cubic  metre. 
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I  load  =  16J  ship  pounds  =  2596"36  kilos. 

I  ship  pound  =  20  lies-pound. 

I  lies-pound  =  16  lbs.  =  15978  kilos. 

I  cwt.  =  49'93  kilos. 

1  lb.  =  500  grammes. 

Prussia' 
I  foot  =  12  inches  =  0"3I39  metre. 
I  cubic  foot  =  0'03O9  cubic  metre. 
I  cwt.  (centner)  =  100  lbs.  =  50  kilos.  ™  0'9842  English 

cwt. 
I  lb,  =  30  loth  =  i  kilogramme. 
I  loth  =  10  quentchen  =  100  cents  =  1000  kom. 

Russia. 

I  foot  =  I  English  foot. 

1  archina  =  4  tschetwert  =  16  werschock  =  25  English 

inches. 
I  pud  =  40  lbs.  =  16*38  kilos. 
I  lb.  =  32  loth  =  0*4095  kilo. 
I  loth  =  3  solotnik. 
I  solotnik  =  96  doli. 

Saxony. 
I  foot  =  12  inches  =  0*2832  metre. 
I  cubic  foot  =  0*0227  cubic  metre.     Weights  as  in  Prussia. 

Sweden. 
I  foot  =  10  inches  (i  inch  =  10  lines)  =  0*296901  metre, 
I  lb.  (schiffspfund)  =  20  liespfunde  =  170  kilos, 
I  lb.  (liespfund)  =  20  skalpfund. 
I  lb.  (skalpfund)  =  32  loth  =    100  ort   =    jooo  korn   = 

424*663  grammes. 
I  loth  =  13*27  grammes. 
I  cwt.  (centner)  =  120  lbs.  =  51*04  kilos. 
I  lb.  (schiffspfund)  for  weighing  pig-iron   =    26  liespfund 

=  195*25  kilos. 
I  skalpfund  =  375'404  grammes. 
3  f"  2 
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Spain. 
I  vara    castillane    =  3  teroias  (feet)  =  4  palmes  =   36 

pouces  =   48  doigts   =  432  lignes   =    5184  points   = 

o"8359  metre. 
I  foot  =  0'278635  metre. 
I  quintal  cast  =  4  arobes  =  46'oi  kilos. 
1  arobe  =  25  livres. 
I  livre    =  2  marcs  =   16  onces  =   128   oitavas  =    256 

adarmes   =    768    tomines    =    9216  grains    =    1*1502 

kilos. 


I  onzi  = 

28-29  grammes ; 

t  fanega 

=  0-565 

heftohtr 

e. 

Table 

FOR  Comparing 

Measures. 

a.  Feet. 

EnElond 

Pruuii. 

Anitti*. 

Suonr. 

Fr-m.. 

Metre. 

I 

0-9929 

I -1083 

1-0462 

1-0297 

0-9662 

0-3138 

1-0071 

1-1163 

I-OS37 

1-0371 

0-9731 

0-3161 

0'9023 

0-8959 

0-9440 

09291 

0-87.8 

0-283J 

0-9307 

0-9240 

1-03 14 

0-9736 

09583 

0-8991 

o-igzi 

0-9559 

0-9490 

1-0594 

0-9843 

0-9235 

0-3000 

0-97 1 1 

09642 

1-0763 

0-9383 

0-3048 

1-0350 

1-0276 

1-1471 

t-0828 

10658 

0-3248 

3-I86J 

3-1634 

353" 

3-3333 

3-28og 

3-0784 

b.  Square  Fee 

I 

0-9858 

1-2283 

1-0945 

.■0603 

0-9335 

0-0985 

1-0144 

1-2460 

1-1103 

.■0756 

0-9470 

0-0999 

0-8HI 

0-8016 

0-891. 

08633 

0-7600 

0-0802 

0-865I 

0-8538 

1-0639 

0-9480 

0-9184 

o-8o86 

00853 

o-9'37 

0-9007 

1-1222 

0-9688 

0-8529 

00900 

0-9431 

0-9197 

I-.584 

1-0322 

0-8804 

1-0712 

1-0560 

1-3158 

1-1725 

'-1359 

01055 

10-0074 

12-4694 

Cubic  Fee 

10-7643 

9-4768 

I 

0-97S7 

.■3613 

1-1450 

l-ogl8 

0-9019 

0-0309 

I-0II7 

1-3909 

1-1699 

.■..56 

0-9215 

00316 

0-7346 

0-7190 

0-84.1 

o'8ozi 

0-6626 

0-02J7 

o-8o6t 

0-7890 

1-0973 

0-9230 

D-8801 

0-7271 

00249 

0-8733 

0-8548 

.-.889 

0-9535 

0-7877 

00270 

o-gi59 

0-8964 

1-2468 

1-0487 

0826. 

0-0283 

I-.087 

1-0851 

1-5093 

.-^695 

1-2106 

0-0343 

3a'3459 

31.6571 

M-03I8 

37-0370 

35-3 '66 

291738 

' 

WEIGHTS  ANI 


Table  for  Comp. 


;9354 

0835a 

i'0995 
13166 

■85^ 

07593 

■907a 

I-<J564 

■8190 

07313 

o'9628 

17857 

i'35ii 

>ogIc 
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GLOSSARY   OF   TECHNICAL  TERMS,  &c. 

With  references  to  volume  and  page  where  their 
explanations  may  bb  found. 


Abdarr  Process.  A  process  for  desilverising 
ai^entiferous  copper  ores i.     346 

Abstrich  (Qennan).  A  scum  formed  upon  the 
surface  of  the  metallic  bath  in  melting  lead  in  the 
cupelling  process  for  extraAing  silver  .        .        .      i.     279 

Abzoo  (German).  A  covering  consisting  of  the 
less  fusible  substances  formed  upon  the  surface  of 
the  metallic  bath  in  melting  lead  .        .        .        .      i.    279 

Adapters.  Used  in  the  Belgian-Silesian  system 
of  extracting  zinc i.     449 

Aludels.  Clay  tubes  formerly  employed  as  con- 
densers or  receivers  in  the  extraction  of  mercury 


from  its  ores. 


5<'5 


Amalgamation  Process.  A  process  for  the 
extraction  of  silver,  &c.,  by  means  of  mercury      .       i.     317 

American  Hearth  Process.  A  process  for  the 
extraction  of  lead i.      72 

Andre ASKREUz.  A  cross  channel  in  the  founda- 
tion of  Belgian  blast  furnaces        .         .         .         .     ii,     434 
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8l4  SUPPLBMENT. 

Feathered  Shot  Copper.  Copper  granulated 
by  pouring  the  fused  metal  into  cold  water .        .      ii.     182 

Feeding ii.    546 

Feeding  Head ii.    633 

Ferruginous  Bears.  Iron  deposits  in  the 
furnace  hearth  in  the  raw  snielting  of  copper  ores     ii.      44 

Fine  Metal 'i-     '33 

Finery  Fires ii.    740 

Fire  Bridge ii.    801 

Flookans  of  the  Lode        .        .        .        .      ii.        8 
Flouring  of  Mercury.   A  powdering  of  mer- 
cury which  occurs  in  silver  amalgamation  .        ,       i.    347 

Flowery  Pig-Iron.  Fine-grained  iron  contain- 
ing from  4  to  5  per  cent  of  carbon  and  up  to  0*5  of 

silicon ii.    276 

Flue  Bridge ii.    802 

Franklinite.  An  iron  ore  occasionally  used  in 

the  production  of  iron ii.    327 

Furnace  Belly ii.    464 

Furnace  Shaft ii.    441 

Furnace  Zones.  Scheerer's  divisions  of  the 
chemical  reactions  in  different  parts  of  the  blast 

furnace. ii.    520 

Gaarschmelziqb.    Iron  which  comes  quickly 

to  nature ii.     711 

Gallery  Furnaces.  Furnaces  construcfted  to 
contain  four  ranges  of  cast-iron  retorts,  in  which 
mercury  ore  is  submitted  to  distillation  .         .      i.     526 

Gekrauste  Flossen.  Iron  poor  in  carbon  and 
with  dull  looking  pores  caused  by  oxidation.  .     ii.     562 

Giptmehl.  Pulverulent  arsenious  acid  .      i.     590 

Grain  Tin i.    489 

Grelles  Roheiseh.   White  iron  produced  by 

an  irregular  process ii.     280 

Growan.  Metalliferous  granite  in  a  coarse  state 

occurring  in  Cornwall ii.        8 

Haciendas  db  Beneficio  (Spanish).  Establish- 
ment for  exlraifling  silver  by  amalgamation  process      i.     337 


Laugerze.  Poor  oxidised orescontainingcopper  ii.  253 

Lifts.  (See  "Jacob's  Ladder")          .         .         .  ii.  426 

Lightening  of  the  Silver     .       .        .        .  i.  285 

LiuoNiTE .     _ ii.  334 

Litharge  (Islerglatte,  German)         .         .         .  i.  283 
Low  System  of  Pattinson's  Process.    The 
system  applied  to  the  varieties  of  lead  which  are  as 

pure  as  possible,  and  contain  little  silver       .         .  i.  255 

Magistral  (Spanish) i.  338 

Magnetic  Iron  Ores ii.  324 

Manometer.    An  instrument   for  ascertaining 

the  pressure  of  blast ii.  493 

Matt    (Stein,  German;   Matte,    French).    A 
compound  of  various  metallic  sulphides. 

Melanglance.  Bismuth  silver         .        .        .  i.  202 
Megabromite.     An    isomorphous  mixture  of 

chloride  and  bromide  of  silver       .         .         .         .  i.  203 

Miabgyeite i.  202 

Microbromite i.  203 

MispicKEL.  Arsenical  pyrites    .         .         .         .  i.  585 
MoLiNOS  (Spanish).  Mexican  name  for  crush- 
ing rollers     "■  335 

Moulding  Box.  Used  for  casting  iron      .        .  ii.  636 
Muffles.  Used  in  the  Silesian  method  of  ex- 

traifling  zinc i.  438 

Natural  Damask.  Indian  steel  or  wootz.        .  iii.  225 

Natural  Steel iii.  42 

New  Tin i.  488 

Nose.  Prolongation  of  the  tuyere  in  blast  fur- 
naces formed  by  chilled  slag. 

Old  Tin i.  488 

Orpiment,  Yellow  sulphide  of  arsenic       .  i.  G02 

Parting  of  Gold i,  664 

Patio.  An  amalgamation  floor  ■        .        .        .  i.  337 

Patterns ii.  630 

Pausch  Hearth.  The  refining  hearth  belonging 

to  cupola  furnaces i.  495 

Pig-Iron ii,  265 
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Rolls ii.  821 

Rosette  Copper.  A  variety  of  refined  black 

copper ii.  56 

RoTHER  Glaskopf ii.  329 

Rough  Walling ii.  442 

Roughing  Rolls ii.  821 

Sand  Ores ii.  194 

ScHBRBENKABALT.  Argentiferous  arsenic  .        .  i.  59S 
ScHLicH.  Ores    in  a  wet  and  pulverised  state 
ScHLiCKER,  The  first  metallic  dross  of  Pattin- 

son's  process i.  259 

Scotch   Hearth  Process.  Smelting  lead  ores 

in  hearth  furnaces i.  69 

SCHBIDEERZE ii.      253 

Senarmontite i.  540 

Shear  Steel iii.   5 

Shingling  Mill.  For  converting  blooms  of  iron 
from  the  balling  or  re-heating  furnace  into  bars     ,     ii.     821 

Sickening  of  Mercury.  A  condition  of  mercury 
which  occurs  in  the  silver  amalgamation  process, 
owing  to  the  presence  in  the  ore  of  deleterious 

minerals i.    347 

Silver  Durr  Ores i.    207 

Silver  Glance.  Sulphide  of  silver  .        .        .      i.    302 
Silver  Raw  Matt    ....;.      i.    227 
Skumnas.  a  name  given  to  certain  copper  ores     ii.      85 
Slag,  Scoria.  (Schlacke,  Germ.)    The  vitreous 
mass  which  covers  the  fused  metal  in  the  smelting 
hearths. 

Smelting  Zone.  The  zone  reaching  from  the 
lower  part  of  the  boshes  to  the  level  above  the 

tuyere ii.    520 

Speiss.  a  term  applied  to  certain  metallic  sul- 
phides, &C i.      Z2I 

Spiegeleisbn.  Specular  pig-iron  .  .  .  ii.  269 
SpleissoFEN.  Blast  reverberatory  furnaces  .  ii.  57 
Sprodolasserz.  Bismuth  silver        .        .        .      i.    202 
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France,  BreUgne,  454 

—  Braasac,  453 

—  Clerval,  503, 508 

—  Croay,  neai  Meaux,  410 

—  Fiminy,  61,  loS,  148 

—  Is^re   Difpanemeat,   in   the  Daa- 

—  Loire  Dfparteineiit,  91 
Lorette,  255,  475 

—  Montlufon,  203,  zo6 

—  Montataire,  258,  278 

—  Monuuger,  393 

—  Pont  I'EvJque,  508 

—  Rives-de-Gier,   near  St.  Etienne, 

S4 
.—  St.  Dizier,  631 

—  Seurin  de  I'lde,  117 

—  Tantal,  453 

—  Vienne,  508 

—  VieizoD,  gi 

—  Villolte,  near  Chatillon,  303 

GERMANY,  33,  44a,  479. 554 
—  Baden,  Tbiergaiten,  329 

—  Bavaria,  295,  402,  553 

Haspelmoor,  318,  396 

Max]milianBbutte,'2g2,  308 

Trippstadt,  318 

Weyhamner,  397 

Passau,  561,  5C4 

Staltach,  300,  394 

—  PniBsia,  171 

Brunswick,  Gittelde,  68 

Zorge,  68,  94 

Hanover,  294 

Georg    Marienhiilte,     147, 

73' 
Hartz,  398,  405,  537,  56s, 

568,  570 

Lower,  492 

Upper,    291,    300,    391, 

5'0.  534 
Konigsbatte,  28,  40, 

63,91 

Rothehutte,  307, 31J 

Ncugladt,  290 

Schoningen,    near     Uelar, 

562,  564 
—  Soiling,  13,  a8,  54,  200,236, 

353, 161,  270,  274,  282 
HeBBB,  Almerode,  561 


Heblcm,  near  Konigswinter, 

Niederbroan,  ga 

Qmnt  (Trier),  523      ^ 

Valteoder,   near  Coblentz, 

561 
WeBtpbaJia,    40, 61,   83,    2r4, 

215,    236,    291,    453,   454,   455, 

485. 553 
Bochum,   7,   34,   230,  »66, 

273 
Eteeo,  114,  241,  261,  267, 

269.  Z73.       ,^ 

GeiBwalde,  90 

Hagen,  65 

Haspe,  65,  81,  90 

Kirchhunden,  94 

Lobe,  67,  79,  90 

Siegen,  28,  40,  42,  62,  63, 

~  Saxony,  415,  433 

DShlen,  34,  264,  27*,  277 

Freiberg,  509,  568 

Schemnitz,  zgi 

Zwickau,  147,  456 

' —  Saxe  Coburg,  Kipfendorf,  361 

—  Thuringia,  42,  554 

—  Wurtemberg,  Fiiednchstha],  215, 

WaBseralfingeo,  65,  494 

Great  Britain,  468,  639 

England,  33,  65,  97,  145,  *io, 

213,  214,    215,  222,  229,  236,  249, 

260,  264,  27a,  271,  471,  481,  533 

—    Cornwall,  559 

Cumberland,  114,  467 

Barrow-in-FurnesB,   98, 

I2fi 


-  Alfrel 


.    1.508 
ra,  178 


-  Nan 


-  GieB 

-  Riechelsdorf,  510 
'.  4'5 


Sanony,  420,  433 

—  Manafeld,  509,  510 

Silesia,  456,  565 

^  Upper,  62,  480 

Hiischwang,  93,  209,   : 

219,  224,  267,  276 
Reicbenau,  215,  264 


Nottin, 

Durbam,  ,.„ . 

Newcastle,  214,  559 

Gloucestershire,  467 

Forest  of  Dean,  139 

Lancaabire,  213,  454,  455 

Liverpool,  98,  171 

Manchester,  98, 136,  240 

Ulverstone,  656 

London,  172,  227 

—  Monmoutb shire,  446 

^  Northamptonshire,  658 

Northumberland,  454 

Staflbrdahire,  655,  657 

— Stannington,  559 

■ Stourbridge,  559 

Sutherland,  428 


ABSOLUTE  heating  power,  jio 
Peters'  formal^  for 

calculating  the,  332 
Air  requisite  far  combustion,  614 

—  pyroraeler,  341 
Albert  coal  or  albertite,  446 
Aluminium  in  steel,  36 

—  influence  of  in    '     ~ 


Anthiacite,  446 

—  analyses  of,  432 

—  coal,  analyses  of,  454 
-  used  in  tbc  British  i 


faSur  , 


.  449 


n  of,  by  OvEHUANN,  450 
e  of,  447 
-  principal  localities  of,  453 

—  produdion  of,  in  America,  450 
Apparatus   for    ascertaining  the  re- 
lative heating  power  of  fuel,  335 

-, manufaifturing  iron  into  endless 

(heecs  direQ  from  the  fluid  metal, 

164 

washing  the  waste  gases.  513 

Affoi-t'b  detenninalioQ  of  the  fusion 

points  of  alloys,  344 
Argillaceous  rocks,  556 
Armour   plate  manufadlured    by  the 

Low   Moor    Company,  analyaia 

of,  196 
Arsenic  in  steel,  33 
Artiiicial  fut;l,  471 
analyses  of,  473 

—  stones,  558 

Ash  in  brown  coal,  416 

wood,  349,  358 

Atlas   works,  the  (Bessemer  works), 

1Z7 
ATTwoot)'s  iron  and   steel  process, 


Attwood's  application  of  the  Sie- 
mens regenerative  gas  furnace 
to  the  melting  of  steel  upon  the 
open  hearth,  zoi 

BACKKOHLE,  454 
Baggertorf,  3HS 
Bauxite,  composition  of,  202 
BECijUEREt'B  pyrometer,  345 
Be  hard' a     apparatus    for    washing 

coal,  457 
Berthier's  method  for  ascertaining 
the   comparative   heating  power 

Bbsseher  apparatus  and  accessories 
used  in  England  and  those  used 
in  Sweden,  calculation  of  the 
plant  of,  99 

—  converters,  Ii5,  159 

at  present  in  opertltian,  gG 

Seurin  dc  I'lsle,  117 

in  Sweden,  charging  the,  141 

improvements  in,  ijg 

Dowlais  Iron  Works,  136 

the  Atlas  Works,  1*1 

lining  of  the,  159 

sparks  issued  from  the,   160, 

161 
temperature  in  the,  loa 

—  flame,  142. 159,  161 

appearance  of  as  examined  by 

means  of  a  spefiroscope,  129 

—  —  at  the  K.   Marianhiitte,  near 

Zwickau,  148 

chemical  composition  of,  13a 

eipcriments  on  with  coloured 

glllBU,    132 

general  appearance  of  to  tha 

—  furnaces  01 
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CemenUtion  proceu  ia  Leoben,  223 

Sweden,  214 

Yorkshire,  333 

modificatiOD   of  the    physical 

propeitiea  of  wrought-iron  by  the, 

wrought-iroQ  auitable  for  the, 

Cementing     bar   iron,    increase    of 
weight  in,  33 

—  powder,  214 
CbsuD  grate,  293 
Chabbaupierre's   IuId   for  charring 

wood,  371 
Charcoal,  359 

—  absolute  weight  of  various  kinds 

of,  387 

—  composition  of,  384 

—  coBtof  making,  378 

—  properties  of,  380 

—  praaical  results  in  the  use  of,  386 

—  various  kinds    of,   their    healing 

power  and  specific  gravity,  385 

—  yield  of,  in  charring  wood,  374 

—  furnaces  for  melting  steel,  250 
Charred  coal,  489 

Charring  in  America,  367 
ovens,  367 

—  ovens  in  Sweden,  370 

—  peat,ViOHOi.ES'9patent  procegs,4 ' ' 
at    Crouy,    near    Meaui, 

410 

—  wood  in  mounds,  367 

FoucAULD'a  method  of,  371 

Roqbr's  method  of,  411 

Chatslier's  process   for  producing 

steel,  Z03  re 

Chenot's  method  of  producing  steel 

Cher^  coal,  445 
Chisel  steel,  56 
Chlorite  slate,  556 
Chromopuromeier,  is? 
Clay,  569 

—  admixtures  for  the,  563 

—  ciuciblea,  359 

—  pvroraeter,  341 

—  slate,  556 

Clehent-Desormeb'  pyrometer,  343 
Clouet's     method     of     producing 

damasked  steel,  32g 

—  steel  melting  furnace,  353 
Coal,  ash  contained  in,  470 

—  bituminous,  varieties  of,  44s 

—  chemical  difference  between  wood, 

brown  coal,  and,  423 

—  classification  of,  445  , 

—  composition,  heating  power,  and      1 

specific  gravity  of,  467 

—  employment  of,  470 

—  examination  of,  456 


>ogIc 


—  oveHH,    at    the    Camd^    Towd 

StatioD,  4S1 

—  prftaical   resultg  id   the  employ- 

meet  or,  49a 

—  •teel  melting  furnaces,  compirison 

of  with  tbOK  loniaces  fired  with 
mineral  coal,  257 

—  yield  of,  490 
Coking  in  heaps,  477 
oveni,  479 

—  proceu,  4S3 

intention  of,  475 

Cold-shortness  of  steel,  ig 
Combustion  in  horizontal  grates,  189 
CompaA  fuel,  347 
Converteriat  Bsrrow-in-FameM,  iiC 

—  used  in  Sweden,  137 
Copper  in  steel,  33 

—  influence  of  in  the  BcMcmer  pro- 

—  ores,  toasting  of,  78a 
CowPEk's  dust  sepaiator,  679 

—  hot  blast  stoves,  676 
Crow  coal,  44C 

Cniciblet  fat  melting  ateel,  359 

—   —   composition    used   in 

mailing,  360 
Cnlm,  446 

DAMASKED  blades,  real,  harden- 
ing of  the,  339 

—  steel,  fi 

imitations  of,  methods  of  pro- 
ducing, 119 

charaaerigtic  of,  aas 

Cuiuet'3  method  of  producing, 

Hachbttb's  method  of  pro- 
ducing, 1x9 

LuyxBS  method  of  producing, 

229 

MiLLE's  method  of  producing, 

339 

—  —  prodnfiion  of,  by  fnsing 
wrousht-iron  with  coal,  335 

various  dcMgns  of,  335 

Dahibli.'b  pyrometer,  341 
Dauphin^  steel  process,  49,  63 
Dbhavhih    and    Hahoir's  artificial 

fuel,  473 
DiTTHAR'a  mode  of  hardening  cait- 

sleel  files,  3S3 


—  —  —   —   the  waste   gases  of 
various  furnaces,  313 

— with  hot  air,  315 

—  —   provided    with    special   fire- 

place. 304.  308 

used  at  Freudenherg,  316 

Zoige,  317 

—  fuel,   duaification  of  the  appa- 

conditions  required  in  appa- 

in  kilos  and  stoves,  301 

methoda  at  Lesjafors,  313,  314 

—  —  objefl  of  the  process  of,  302 
ScHwiND'a  considerations   in, 

304 

—  non-bituminoQs  turf,  30a 

—  turf  in  open  heaps,  300 
on  racks,  300 

EARTHS,  vapourisation  of  in  blast 
furnaces,  O05 
Earthy  substances,  fusibility  of,  595 

in  some  British  iron  ores,  596 

Edelsuhl,  28,  56 

EooBRTz'a  calorimetric    melhod  for 
determining  the  combined  carbon 

Eledric  pyrometer,  345 
Ellershaubeh  process,  693,  703 
English  pig-iron,  beat,   used  in  the 

Bessemer  procesi,  114 
Erdtorf,  388 

Erman's  pyrometer,  343 
Etagenrost,  394 
EuLER'a  diylng  apparatus,  31S 
Exbtbr's  method  of  preparing  turf, 

393 


FAIRBAIRN'S 
FeiTo-m* 
Pettkohle,  454 
Finery  fire,  55 
Fire-balls,  448 
—  bricks,  538 
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